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@ A novel family of high affinity, modified antiliodies for cancer treatment 

@ This Invention concerns a family of ciiimeric antibodies with higli affinities to a high molecular weight, tumor- 
associated slalylated glycoprotein antigen (TAG72) of human origin. These antitwdies have (1) high affinity 
animal Vh and Vl sequences which mediate TAG-72 binding and (2) human Ch and Cl regions. They are thought 
to produce significantly fewer side-effects when administered to human patients by virtue of their human Ch and 
Cl antibody domains. The nucleotide and amino acid sequences of VhoTAG Vh, CC48 Vh, CC49h, CC83 Vh. and 
CC92 Vh. and CC49l. CC83 Vi, and CC92 Vl idiotype sequences are disclosed, as well as In vivo methods of 
.treatment and diagnostic assay using these chimeric antitradies. 
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to an animal a pharmaceutically effective amount of the aforemeritloned composlton, whereby.the tumors 
are localized, and (b) excision of the localized tumors. 

Additionally, the invention also concems process for preparing the various antibodies or antibody 
fragments, their conjugates, a suitable recombinant expression vehicle, and the insertion into a suitable 

5 host. Some of these processes are expressed as follows. A process for preparing an antibody or antibody 
fragment comprising contacting a Vh region with a Vt region to form a variable region of the antibody or 
antibody fragment. A process for preparing an antibody or antibody fragment conjugate comprising 
contacting an antibody or antibody fragment wittv an Imaging marker or therapeutic agent. A process for 
preparing a recombinant expression vehicle comprising inserting a DNA sequence Into an expression 

10 vehicle. A process for preparing a transfomned host comprising inserting the plasmid into a suitable host. 

In other aspects, the inventTon Is directed to DNA which encodes the aforementioned antibodies and 
fragments thereof, as well as expression vectors or plasmids capable of effecting the production of such 
immunoglobulins in suitable host cells. It includes the host cells and cell cultures which result from 
transfomiation with these vectors. 

16 

Description of the Drawings 

Figure 1 illustrates a basic immunoglobulin structure, with the enzymatic cleavage sites being 
20 indicated. 

Rgure 2 illustrates the nucleotide sequences of VhoTAQ Vh, CC46 Vh. CC49 Vh, CC83 Vh and CC92 

Vh. 

Figure 3 illustrates the amino acid sequences of VnaTAG V„. CC46 Vh. CC49 V„, CC83 Vh and CC92 

Vh. 

25 Figure 4a illustrates the nucleotide sequence and Figure 4b illustrates the corresponding ammo acid 

sequence of the CC49 V^. 

Figure 5a illustrates the nucleotide sequence and Figure 5b illustrates the con'esponding amino acid 

sequence of the CC83 Vt- 

Rgure 6a illustrates the nucleotide sequence and Rgure 6b Illustrates the conresponding amino acid 

30 sequence of the CC92 Vl. 

Rgure 7 illustrates the nucleotide sequence of the Hind Ill-Psf I fragment isolated from the plasmid 

pQDI. 

Rgure 8 illustrates the plasmid map of the pBLUESCRIPT SK(-). 
Rgure 9 illustrates the plasmid map of the pRLIOI. 
35 Rgure 10 illustrates a restriction enzyme map of the CC49 L chain genomic DNA insert in pRLlOl . 

Rgure 11 illustrates the plasmid map of the pRL200. 

Rgure 12 illustrates a restriction enzyme map of the CC83 L chain genomic DNA insert in pRL200. 
Rgure 13 illustrates the nucleotide sequence of the Eco RhBam HI fragment isolated from the 
plasmid pNP9; 

40 Rgure 14 illustrates the plasmid map of the pHH49. 

Rgure 15 Illustrates the plasmid map of the pHS83. 

Rgure 16 shows the nucleotide sequence of CC49 Vh. with the undertined segments showing the 
sequences derived using oligonucleotide primers on mRNA. 

Rgure 17 shows the nucleotide sequence of CC83 Vh, with the undertined segments show the 
45 sequences derived using oligonucleotide primers on mRNA. 

Rgure 18 shows the amino acid sequence of CC49 Vh. with the undertined segments show the 
sequences determined by protein sequencing. 

Rgure 19 shows the amino acid sequence of CC83 Vh, with the underlined segments show the 
sequences determined by protein sequencing. 
60 Rgure 20 shows the results of a SDS polyacrylamide gel. with the results of PNGase F treatment of 

CC83 antibody. ^ 
Figure 21 illustrates the restriction enzyme map of human gamma 1, gamma 2, gamma 3, and 

gamma 4. 

Figure 22 illustrates the plasmid map of pSV2gpt/R/B. 
55 Rgure 23 Illustrates the plasmid map of pSV2gpt-7l-7.8. 

Rgure 24 illustrates the plasmid map of pSV2gpt-7l-2.3. 
Figure 25 Illustrates the plasmid map of pSV2gpt-72. 
Rgure 26 Illustrates the plasmid map of pSV2gpt-73. 
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Rgure 27 illustrates the plasmid map of pSV2gpt-74. 

Figure 28 illustrates the plasmid map of p497l-7.8. 

Figure 29 Illustrates the plasmid map of p497l-2.3. 

Rgure 30 Illustrates the plasmid map of p49-72. 
5 Rgure 31 illustrates the plasmid map of p49-73. 

Rgure 32 Illustrates the plasmid map of p49-74. 

Rgure 33 illustrates the plasmid map of p837l*7.8. 

Figure 34 illustrates the plasmid map of p837l-2.3. 

Rgure 35 illustrates the plasmid map of p83-72. 
10 Rgure 38 illustrates the plasmid map of p83-73. 

Rgure 37 Illustrates the plasmid map of p83-74. 

Rgure 38 illustrates the overall reaction for the engineering of hybrid genes based on the method of 
Norton et al.. Gene 77, 61 (1989). 

Rgures 39A, 396, and 39C show the biodistribution and whole body retention of CH44-1. 
IS Rgures 40A and 40B show the biodistribution and whole body retention of CH84-1 . 

The immunoglobulin of this invention have been developed to address the problems of murine 
monoclonal antibodies disclosed in the prior art. It is characterized by having a chimeric structure 
composed of a heavy chain variable region encoded by DNA derived from the VhoTAQ. 

20 

Definitions 

As used herein, "immunoglobulin** refers to a tetramer or aggregate thereof whether or not specific 

Immunoreactive activity is a property. "Antibodies" refers to such assemblies which have significant known 
25 specific immunoreactive activity to an antigen, comprising light and heavy chains, with or without covalent 

linkage between them: "Non-specific immunoglobulin*' (*'NSr) means those immunoglobulins which do not 

possess known specificity to an antigen. 

The basic immunoglobulin structural unit in vertebrate systems is relatively well understood [Edelman, 

G.M., Ann.NXAcad.Scl„ 190, 5 (1971)]. As seen in Rgure 1, the units are composed of two identical light 
30 polypeptide chains of molecular weight approximately 23.000 daltons. and two identical heavy chains of 

molecular weight 53,000-70,000. The four chains are joined by disulfide bonds in a "Y" configuration 

wherein tiie light chains bracket the heavy chains starting at the mouth of ttie Y and continuing ttirough ttie 

diversity region. 

Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, with some subclasses among them. 
35 The nature of this chain, as it has a long constant region, detenmines tiie "class** of tiie antibody as tgA, 
IgD. IgE, IgG or IgM. 

Light chains are classified as eitiier kappa (k) or lambda (X). Each heavy chain class may be bound with 
either a kappa or lambda light chain. In general, the light and heavy chains are covalently bonded to each 
other, and the "tail" portions of the two heavy chains are bonded to each other by covalent disulfide 

40 linkages when the immunoglobulins are generated either by hybridomas or by B cells. However, if non- 
covalent association of the chains can be effected in the conrect geometry, the aggregate of non-disulfide- 
linked chains will still be capable of reaction with antigen. 

The amino acid sequences run from an N-termlnus at the forked edges of the Y to the C-termlnus at 
tiie bottom of each chain. At the N-tenminus is a variable region and at tiie C-terminus is a constant region. 

45 The temns "constant** and "variable** are used functionally. The variable regions of both light (VJ and 
heavy (Vh) chains determine binding recognition and specificity to the antigen. The constant region domains 
of light (Cl) and heavy (Ch) chains confer Important biological properties such as antibody chain associ- 
ation, secretion, transplacental mobility, and complement binding. 

The variable region is linked in each chain to the constant region by a linkage linking the V gene 

50 sequence and tiie C gene sequence. The linkage occurs at the genomic level, combining nucleotide 
sequences via recombination sites. The linking sequence is known currentiy as a "J" sequence in the light 
chain gene, which encodes about 12 amino acids, and as a combination of a "D" sequence and a *'J" 
sequence in the heavy chain gene, which together encode approximately 25 amino acids. 

"Chimeric antibody" for purposes of this invention refers to an antibody having in the heavy chain a 

55 variable region amino acid sequence encoded by a nucleotide sequence derived from a murine germline 
gene and a constant region amino add sequences encoded by a nucleotide sequence derived from a 
human gene. 

However, the present invention is not intended to be nanrowly limited to merely substituting human C 
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genes sequences encoding immunoglobulin constant regions for murine C gene sequences encoding 
immunoglobulin constant regions. Ttius the present Invention is not limited to wliether or not tlie fusion point 
is at the variable/constant boundary. 

Through various techniques, it is now possibie to produce altered chimeric antibodies, composite 
5 chimeric antibodies, and fragmented chimeric antibodies encoded by nucleotide sequences disclosed 
herein. 

"Composite" immunoglobulins comprise polypeptide variable regions not hitherto found associated with 
each other in nature. It Is not critical whether any of the above are covalently or noncovalently aggregated, 
so long as the aggregation is capable of selectively reacting with a particular antigen or antigen family. 

10 "Altered antibodies" means antibodies wherein the amino acid sequences, particulariy in the variable 
region, has been varied. Because of the relevance of recombinant DNA techniques to this invention, one 
need not be confined to the amino acid sequences of antibodies selected from natural sources: amino acid 
sequences of the antibodies can be redesigned to obtain desired characteristics. The possible variations are 
many and range from the changing of just one or a few amino acids to the complete redesign of an 

75 antibody variable and/or constant region. 

Changes in the variable region will be made in order to improve the antigen binding characteristics. 
Changes in the constant region will, in general, be made in order to improve the cellular process 
characteristics, such as complement fixation. Interaction with membranes, and other effector functions. 
Alterations, can be made by standard recombinant techniques and also by oligonucleotide-directed 

20 mutagenesis techniques [Dalbadie-McFarland. et al. Proc.NatlAcad.Sci.(USA) 79. 6409 (1982)]. 

"Fragments" of immunoglobulins Include segments of proteolytically-cleaved or recombinantly-prepared 
portions of an antibody molecule that are capable of selectively reacting with a particular antigen or antigen 
family. Nonlimiting examples of such proteolytic and/or recombinant fragments include "Fab". "F(ab)2", 
and "Fab'", with their proteolytic cleavage sites being shown in Figure 1; as well as "Fv". Recombinant 

25 techniques for producing Fv fragments are set forth In WO 88/01649, WO 88«)6630. WO 88/07085. WO 
88/07086 and WO 88/09344. 

In this Invention, "animals" is meant to Include bovines. Porcine, rodents, and primates, including 
humans, and others. 

"Expression vector" is given a functional definition of any DNA sequence which Is capable of effecting 
30 expression of a specified DNA code in a suitable host is included in this term. As at present, such vectors 
are frequently in the form of plasmids; thus "plasmid" and "expression vector" are often used interchange- 
ably. However, the invention is intended to include such other forms of expression vectors which serve 
equivalent functions and which may, from time to time, become l<nown in the art. 

By "transformation" is meant the Introduction of DNA into a recipient host cell that changes the 
35 genotype and consequently results in a change in the recipient cell. 

"Host cells" refers to cells which have been recombinantly transfonned with vectors constructed using 
recombinant DNA techniques. As defined herein, the antibody or modification thereof produced by a host 
cell is by virtue of this transformation. 

In descriptions of processes for isolation of antibodies from recombinant hosts, the terms "cell" and 
40 "cell culture" are used interchangeably to denote the source of antibody unless it is clearly specified 
othenwse. In other words, recovery of antibody from the "cells" may mean either from spun down whole 
cells, or from the cell culture containing both the medium and the suspended cells. 



45 Abbreviations 

Nucleic adds, amino adds, peptides, protective groups, active groups and similar moieties, when 
abbreviated, are abbreviated according to the lUPAClUB (Commission on Bidogical Nomenclature) or the 
practice in the fields concerned. The following are examples. 

50 

Reagents 

EDTA: Ethylenediaminetetraacetic add 
55 SDS: Sodium dodecylsutfate 

Nucleic Adds 
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RNA: Ribonucleic acid 
DNA: Deoxyribonucleic acid 



Nitrogenous Bases 


Purines 


Pyrimidines 


A: Adenine 
G: Guanine 


T: Thymine 
C: Cytosine 
U: Uracil 



Both DNA and RNA contain long chains of phosphoric acid, a sugar, and nitrogenous bases. DNA Is a 
double stranded helix, wherein the sugar is 2-deoxyribose, whereas RNA is single stranded, wherein the 
75 sugar is D-ribose. The four nitrogenous bases which characterize DNA nucleotides are linked in com- 
plementary pairs by hydrogen bonds to fomn the double helix of DNA: adenine is linked to thymine; guanine 
is linked to cytosine. In RNA, uracil is substituted for thymine in the listed DNA pairs. 

Amino Acids 

20 

Qly: glycine 

Ala: alanine 

Phe: phenylalanine 

Tyr:tyrosine 
25 Vai: valine 

Leu: leucine 

lie: isoleucine 

Ser: serine 

Asp: aspartic acid 
30 Lys: lysine 

Arg: arginine 

His: histidine 

Thr: threonine 

Cys: cysteine 
35 Met: methionine 

Glu: glutamic acid 

Trp: tryptophan 

Pro: proline 

Asn: asparagine 
40 Gin: glutamlne 

Variable Region 

The DNA encoding the heavy chain consists of a Vh gene sequence, a Dh gene sequence, and a Jh 
45 gene sequence. The DNA encoding the light chain consists of a Vl gene sequence, and a Jl gene 
sequence. 



Vh Gene Sequence 

50 

The present invention is directed to selected chimeric antibodies having the Vh region encoded by a 
DNA sequence derived from a germline gene that is specifically reactive against TAG72 (VHaTAG), the 
sequence of which is set forth in Rgure 2. The chimeric antibodies are selected on the basis of their ability 
to bind TAG72, namely wherein the variable region binds to TAG72 at least 25 percent greater than the 
55 variable region of B72.3 binds to TAG72. Generally, the binding affinities of the chimeric antibody and 
B72.3 are measured by the same technique. Exemplary techniques for measuring antibody binding affinity 
are set forth in the following references: Scatchard G., Annafs of the NX Acad, of Sciences 51, 660 
(1949): Steward, M.W., and Petty, R.E., Immunology 23, 881 (1972); Muraro, R., et al.. Cancer Researctt 
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48, 4688 (1988); and Heyman. B.. J. of Immunol Methods SQ, 193-204 (1984). 

A skilled artsan will appreciate that, as a result of the present invention, namely the nucleotide 
sequence of (and amino acid sequences encoded by) the VhaTAG, the present Invention is Intended to 
include effectively homologous nucleotide sequences and corresponding amino acid sequences. 

5 "Effectively homologous" refers to Identity or near identify of nucleotide or amino acid sequences. Thus, in 
this disclosure rt will be understood that minor sequence variation can exist within homologous sequences 
and that any sequences exhibiting at least 80% homology are deemed equivalent. 

Homology is expressed at the fraction or percentage of matching bases (or amino acids) after two 
sequences (possibly of unequal length) have been aligned. The term alignment Is used In the sense defined 

10 by Sankoff and Kruskal in Chapter One of their book, The Time Warps, String Edits, and Macromolecules: 
The Theory and Practice of Sequence Comparison , Addison-Wesley. Reading, MA, (1983). Roughly, two 
iequences arealigned by maximizing the number of matching bases (or amino acids) between the two 
sequences with the insertion of a minimal number of "blank" or "null" bases Into either sequence to bring 
about the maximum overlap. 

IS As is understood in the art, nucleotide mismatches can occur at the third or wobble base in the codon 
without causing amino acid substitutions in the final polypeptide sequence. Also, minor nucleotide modifica- 
tions (e.g., substitutions, insertions or deletions) in certain regions of the gene sequence can be tolerated 
and considered Insignificant whenever such modifications result in changes in amino acid sequence that do 
not alter functionality of tiie final product. It has been shown tiiat chemically syntiieslzed copies of whole, or 

20 parts of, gene sequences can replace the conresponding regions in the natural gene witiiout loss of gene 
function. 

Homologs of specific DNA sequences may be identified by tiiose skilled in tiie art using tfie test of 
cross-hybridization of nucleic acids under conditions of stringency as Is well understood in the art [as 
described in Nucleic Acid Hybridization , Names and Higgens (eds.). IRL Press, Oxford, UK (1985)]. Given 
25 two sequences, algorithms are available for computing tiieir homology: e.g. Needleham and Wunsch, 
JMoLBioL 48. 443-453 (1970); and Sankoff and Kruskal (cited above) pgs. 23-29. Also, commercial 
services are'available for perfonning such comparisons, e.g. Intelligenetics, Inc. (Palo Alto, CA). 



30 Dh and Jh Gene Sequences 

The Dh and Jh gene segments exist in various types, afthough tiie type of D or J gene segment 
selected is not critical to the Invention. That is the Dh and Jh may be derived from any animal. Preferred 
animals include mice and humans. Obviously, human dh and/or Jh gene segments are particularly prefen^ed. 
35 but the invention is not so limited if a D or J gene segment from anotiier animal species provides an 
important property, i.e.. increased binding to TAG72. 

Exemplary murine Dh and Jh sequences are set forth in "Organization, Structure, and Assembly of 
Immunoglobulin Heavy Chain Diversity DNA Segments", Kurosawa and Tonegawa. J£xpMed. 155, 201 
(1982); and "Sequences of the Joining Region Genes for Immunoglobulin Heavy Chains and Their Role in 
40 Generation of Antibody Diversity" Gough and Bernard. ProcNatlAcad. ScL(USAl 78, 509 (1981). 

Exemplary human Dh and Jh sequences are set forth in an article titled "Human Immunoglobulin D 
Segments encoded in Tandem Multigenic Families" by Siebenllst et al. In Nature 294, 631 (1981); and 
exemplary human Jh sequences are set fortii in "Structure of ttie Human Immunoglobulin ii Locus: 
Characterization of Embryonic and Reanranged J and D Genes" by Ravetch et al.. Cell, 27, 583 (1981). 

Vl and Jl Gene Sequences 

Generally, any Vl and Jl gene sequences may be employed tiiat encodes a portion of a Vl which is 
50 complementary to the Vh encoded by a nucleotide sequence effectively homologous to VHaTAG. By 
"complementary" means a Vl tfiat binds to tiie Vh and which yields an antibody variable region having a 
binding affinity of at least 25% more than B72.3. as measured by any standard technique for measuring 
binding affinity constants. 

The type of Vl and Jl gene segment selected is not critical to the invention. That is the Vl and Jl may 
55 be derived from any animal. Prefenred animals include mice and humans. Obviously, human Vl and/or Jl 
gene segments are particularly preferred, but the invention is not so limited if a Jl gene segment from 
another species provides an important property, i.e., increased binding to TAG72. 

Murine Jl sequences are set forth In an article titied "The nucleotide Sequence of a 5,5-kUobase DNA 

9 
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Segment Containing the Mouse Kappa Immunoglobulin J and C Region Genes" by Max. et al. In J^BIol. 
Chem, 256. 5116-5120 (1981). Human Jl sequences are set forth In an article titled "Evolution of Human 
lmmuno"giobuIin K J Region Genes" by Helter et al. In The Journal of Biological Chemistry 357(2), 1516- 
1522 (1982). 

5 

Derivation of Variable Regions 

Given the above teachings, it now becomes possible to derive numerous specific embodiments of 
10 antibody variable regions within the scope of the present Invention, i.e., having effectively homologous Vh 
sequences to VhqTAG and binding to TAG72 at least 25% greater than the variable region of B72.3 binds 
to TAG72, with the binding affinities of the antibody and B72.3 being measured by the same technique. 
Several possible techniques are set forth below. 

75 

Naturally-Produced Variable Regions 

In response to an Immunogen. TAG72, an Immunized animal will expand selected antibody producing B 
cells. The variable region of antibodies produced by the B cells will be encoded by rearranged germline 
20 heavy and light chain DNA. For example, the reanranged germline heavy chain will Include the V, D, and J 
gene segments Including the leader sequence, as well as any introns which may be subsequently removed. 
The fight chain coding DNA will include the V and J gene segments Including the leader sequence, as well 
as any Introns which may be subsequently removed. 

Variability may result from somatic mutations occurring in a B cell during productive rearrangement of 
25 the VhoTAG. These somatic mutations are nucleotide changes that may or may not result in an amino acid 
change that alters the activity toward TAG72 of the productively rearranged Vh. 



Screening Techniques 

30 

Monoclonal or polyclonal antibodies may be Screened to determine which of said antibodies Selectively 

bind to TAG72. Such screening may be accomplished by any of a numfc)er of well-known procedures, such 

as solid-phase radioimmunoassay, enzyme-linked immunosort>ent assays, resetting assays and blocking 

assays. The above-described procedures are well-known In the art. 
35 The nucleotide sequences of encoding variable regions of antibodies produced from the productive 

rean-angement of the VhoTAG have now been obtained. In addition to the nucleotide sequence of VhoTAG. 

Rgure 2 also shows the nucleotide sequences encoding the heavy chain variable regions of CC46, CC49. 

CC83 and CC92 antibodies, respectively. Rgure 3 shows the amino acid sequences of VnaTAG Vh. CC46 

Vh, CG49 Vh, CC83 Vh. and CC92 Vh, corresponding to the nucleotide sequences set forth in Rgure 2. A 
40 comparison of the nucleotide and amino acid sequences of VhoTAG Vh, CC46 Vh, CC49 Vh. CC83 Vh and 

CC92 Vh shows a most striking feature, namely that the chains have extraordinary similarity. 

The relative similarity of the DNA encoding the CC46 Vh, CC49 Vh, CC83 Vh. and CC92 Vh regions. 

Particularly in the € flanking segment, proves that those DNA sequences are derived from VhqTAG. 

Somatic mutations occuring during productive rearrangement of the Vh region gene to be expressed in a B 
45 cell give rise to some nucleotide changes that may or may not result in a homologous amino acid change 

between two productively rearranged VhotTAG producing hybridomas. 

The nucleotide sequences and corresponding amino acid sequences of CC49 Vl are shown in Rgures 

4a and 4b. respectively. The nucleotide sequences and conresponding amino acid sequences of CC83 Vt 

are shown in Rgures 5a and 5b, respectively. The nucleotide sequences and conresponding amino acid 
50 sequences of GC92 Vl are shown In Rgures 6a and 6b. respectively. 



Probe Techniques 

55 Other antibodies encoded by DNA derived from VhoTAG may be derived by using VncrTAG as a 
hybridization probe. Generally, a probe made from the DNA or RNA of the VhoTAG or rearranged genes 
containing the recombined VnaTAG could be used by those skilled in the art to find homologous genes in 
unknown hybridomas. Such homologous antibodies will have a DNA sequence whose mRNA hybridizes 
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with the probe of all or a part of the VnaTAQ germline gene and its flanking regions. By "flanking regions" 
is meant to Include those DNA sequences from the 5 end of the VhoTAG to the 3' end of the upstream 
gene, and from s' end of the VHaTAG to the 5' end of the downstream gene. 



Rationally Synthesized Variable Regions 

A yet further approach Is the rational synthesis of altered variable regions of the antibodies disclosed 
herein, as well as antibodies discovered via probing. Such an approach has several potential advantages. 
Namely, a researcher would not have to screen immunized host animals attempting first to cull those 
antibodies which bind to TAG and next to cull those antibodies which specifically have Vh regions encoded 
by DNA derived from VnaTAG. 



Mutagenic Techniques 

The Vh and/or Vl gene segments may be "altered" by mutagenesis. Exemplary techniques Include the 
addition, deletion, or nonconservative substitution of a limited number of various nucleotides or the 
conservative substitution of many nucleotides, provided that the proper reading frame is maintained. 

Substitutions, deletions. Insertions or any subcombination may be combined to arrive at a final 
construct. Since there are 64 possible codon sequences but only twenty known amino acids, the genetic 
code is degenerate in the sense that different codons may yield the same amino acid. However, the code is 
precise for each amino acid; thus there is at least one codon for each amino acid, i.e.. each codon yields a 
single amino acid and no other. It will be apparent that during translation, the proper reading frame must be 
maintained in order to obtain the proper amino acid sequence in the polypeptide ultimately produced. 

Techniques for additions at predetermined amino acid sites having a known sequence are well known. 
Exemplary techniques Include oligonulceotide-medlated, site-directed mutagenesis and polymerase chain 
reaction. 

Techniques for deletions at predetermined amino acid sites having a known Sequence are well known. 
Exemplary techniques include oligionulceotide-mediated site-directed mutagenesis and the polymerase 
chain reaction. 

Techniques for substitutions at predetermined amino add sites having a known sequence are well 
known. Exemplary techniques include site-directed mutagenesis, and the polymerase chain reaction 
technique. 

Oligonucleotide site-directed mutagenesis in essence involves hybridizing an oligonucleotide coding for 
a desired mutation with a single strand of DNA containing the region to be mutated and using the single 
strand as a template for extension of the oligonucleotide to produce a strand containing the mutation. This 
technique. In various forms. Is described by Zoller, M.J. and Smith, M.. Nuc. Acids Res, 10. 6487-6500 
(1982); Norris. K.. Norris. F., Christiansen. L. and Rii. N.. Nuc, Acids Res. 5103-5112 (1983); Zoller, M.J. 
and Smith, M„ DAM 3. 479-488 (1984); Kramer. W.. Schughart, K. and Fritz, W. J.. Nuc. Acids Res. 10, 
6475-6485 (1982). 

Polymerase chain reaction (PGR) in essence involves exponentially amplifying DNA in vitro using 
sequence specified oligonucleotides. The oligonucleotides can incorporate sequence alterations if desired. 
The polymerase chain reaction technique is described in Mullis and Faloona. Meth.Enz. 155, 335-350 
(1987). Examples of mutagenesis using PGR are described in HiguchI et al., NucL Acids Res. 16, 7351- 
7367 (1988), Ho et al. Gene 77. 51-59 (1989). and "Engineering Hybrid Restriction Qenes Without the Use 
of Restriction Enzymes: GeneTplicing by Overiap Extension", Horton et a!.. Gene 77. 61 (1989). 

Alteration of the antibody variable regions may be of particular use In the therapeutic use of monoclonal 
antibodies. At present, when a chimeric antibody comprising a complete mouse variable domain is Injected 
into a human, the human body's immune system recognizes the mouse variable domain, albeit less than a 
complete murine antibody, as foreign and produces an immune response thereto. Thus, on subsequent 
injections of the mouse antibody or chimeric antibody Into the human, Its effectiveness Is considerably 
reduced by the action of the body's Immune system against the foreign antibody. Consequently, alterations 
of the murine Vh and Vl regions may reduce the human immune response to the altered antibody. 



Recombinant Techniques 
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The antibodies may be constructed by recombinant techniques. In other words, because the nucleotide 
sequences of various Vh- and Vt-encoding regions are now provided, a skilled artisan could in vitro 
produce a complete gene coding for the heavy and light chain variable regions. 

The constructed gene may be engineered In which selected Dh and Jh gene segments are in functional 
5 combination with a selected Vh gene segment. i.e.» the VnaTAG segment, or the Vh gene segment of CC49 
or CC83. 

For example, the constructed heavy chain coding DNA will include Dh and Jh gene sequenceis which 
are contiguous with the 3' end of the germline VnaTAG gene segment, thereby completing the CDR3 and 
framework (FR) 4 of the Vh domain. A leader sequence may be present but may be subsequently removed. 

10 Depending upon the light chain employed, it may also be necessary to provide a constructed light 
chain coding DNA. Such a DNA gene will comprise a Vl gene segment in functional combination, e.g., 
contiguous with a Jl gene segment, including the leader sequence which may be subsequently removed. 
The Jl gene segment will vary depending upon whether the light chain is of the lambda or kappa system. 
The J region sequence is contiguous with the end of the Vt. exon to complete FR 4 of the Vt domain. Such 

75 a construction may be carried out by the techniques used to construct the Vh gene. 

The constructed gene may be engineered by conventional recombinant techniques for example, to 
provide a gene insert in a plasmid capable of expression. Thereafter, the plasmids may be expressed in 
host cells. Exemplary recombinant biological techniques are set forth below. 

in providing a fragment encoding either the light chain or heavy chain variable region, it will usually be 

20 desirable to include all or a portion of the intron downstream from the J region, particularly where the 
variable region is derh/ed from the host in which the fused gene is to be expressed. Where the intron is 
retained, it will be necessary that there be functional splice acceptor and donor sequences at the intron 
tenmini. The intron between the J and the constant region of the fused gene may be primarily the intron 
sequence associated with (1) the constant region. (2) the J domain, or (3) portions of each. The last may be 

25 a matter of convenience where there is a convenient restrk:tion site in the introns from the two sources. It 
may be necessary to provide adapters to join the intron to the constant region, in some instances, all or a 
portion of the intron may be modified by deletion, nucleotide substttution(s) or insertion, to enhance ease of 
manipulation, expression, or the like. Preferably, a sufficient amount of the intron should be present to 
contain an enhancer that is functionally active with the naturaily-occunrfng promoter. 

30 Alternatively, it may be desirable to have the fused gene free of the Intron between the J gene and C 
gene. Thus, the 3' temninus of the J gene will be adjacent to the 5 terminus of the C gene. One can use an 
exonuctease and, by employing varying periods of digestion, one can provide for varying 3'-termini, which 
can then be used for linking to the constant region and selection made for a functional product in a variety 
of ways; or by splicing with overiap extension using polymerase chain reaction technology, see Norton et 

35 al., supra. In this case, an artificial promoter, which does not need to be functionally active with an 
enhancer, will generally be utilized 

In one preferred embodiment, the genes encoding the Vh and V^ regions may be altered by replacing 
at least parts of the complementarity determining regions (CDRs) in the light or heavy chain variable 
domains of the antibody with analogous parts of CDRs from an antibody of different specificity. An 

40 exemplary technique replacing the CDRs Is taught In European Published Patent Application 0 239 400, by 
Gregory Winter; and in PCT application Wo 88/09344. by Huston et al. In an altered antibody of the present 
invention, only the CDRs of the antit>ody will be foreign to a human body, and this should minimize side 
effects if used for human therapy. However, human and mouse framework regions have characteristic 
features which distinguish human from mouse framework regions. Thus, an antibody comprised of mouse 

45 CDRs in a human framework may well be no more foreign to the body than a genuine human antibody. 

The nucleotide sequences corresponding to the Vh amino acid sequences of the VhoTAG, CC46, CC49, 
CC83 and CC92. as well as of the CC49, CC83 and CC92 Vl gene segments are provided. Consequently, it 
is envisaged that the CDRs from the antibodies of the present invention could be grafted onto the 
framework regions of a human antibody. 

60 Generally, the CDR regions from a human Vh or Vl domain may be replaced by CDRs from the Vh or 
Vl regions of antibodies of the present invention. Exemplary human antibodies from which the framework 
portions may be used include human plasmacytoma NEWM, [Jones et al., "Replacing the complementarity- 
determining regions in a human antibody with those from a mouse". Nature 321^. 522-525 (1986)], publicly 
available from Dr. Greg Winter; and various other human Vh and Vl genes available from Dr. Tenrence 

55 Rabbitts. both researchers being from the Medical Research Council, 20 Park Crescent, London, WIN 4AL 
The detemiinatlon as to what constitutes a CDR and what constitutes a framework region may be made 
on the basis of the amino-acid sequences of a selected Ig as indicated in Kabat et al., Sequences of 
Proteins of Immunotoglcal Interest. Fourth Edition (1987). U.S. Dept. of Health and Human Services, NIH. 



EP 0 365 997 A2 



The four framework regions largely adopt a /3-sheet conformation and the CDRs fonm loops connecting, 
and in some cases forming part of, the i8-sheet structure. 

Moreover, not all of the amino-acid residues In the loop regions are solvent accessible and in one case, 
amlno-add residues In the framework regions are Involved in antigen binding. [Amlt, A.G., Marluzza, RA, 
5 Phillips, S.E.V. and Poljak, R.J.. Science 2M. 747-753, (1986)]. 

It Is also known that the variable regions of the two parts of an antigen binding site are held in the 
correct orientation by inter-chain, non-covalent interactions. These may involve amino-acid residues wifliin 
the CDRs. 

Thus, in order to transfer the antigen binding capacity of one variable domain to another, It may not be 
70 necessary to replace all of the CDRs with the complete CDRs from the donor variable region. It may be 
necessary only to transfer those residues which are necessary for the antigen binding site, and tiiis may 
involve transferring framework region residues as well as CDR residues. 

It is ttius clear that merely replacing one or more CDRs with complementary CDRs may not always 
result in a functional altered antibody. However, given ttie explanations set fortii in European Published 
75 Patent Application 0 239 400. it will be well within the competence of ttiose skilled In ttie art. eitiier by 
canving out routine experimentation or by trial and error testing, to obtain a functional altered antibody. 

Preferably, the variable domains In both the heavy and light chains are altered by at least partial CDR 
replacement and, if necessary, by partial framework region replacement and sequence changing. Although 
the CDRs may be derived from an antibody of tiie same class or even subclass as the antibody from which 
20 tiie framework regions are derived, it is envisaged that the CDRs will be derived from an antibody of 
different class and preferably from an antibody from a different species. 



Composite Variable Regions 

26 

Generally, ttie V gene encoding the Vl is the same V gene which encodes the Vl naturally combined 
with tiie Vh of choice. For example, ttie V gene which encodes the Vl regions of CC49 and CC83 are 
beneficially used when employing tiie V gene which encodes the Vh of CC49 and CC83, respectively. 

Surprisingly, because the Vh regions of the antibodies of the present Invention are encoded by Vh 

30 genes derived from VhoTAG, composite antibodies may be beneficially formed. In otiier words, tiie Vh 
region of one antibody of tiie present invention may suitably be combined with tiie Vl region of another 
antibody of tiie present invention. Altiiough the amino acid sequences of ttie CC49 and CC83 heavy chains 
are superficially close, it would be expected that a change of a few or even one amino acid would 
drastically affect ttie binding function of ttie antibody. i.e., ttie resultant antibodies are generally presumed to 

36 be a non-specific immunoglobulin (NSI). I.e.-lacking In antibody character, (see European Published Patent 
Application 0 125 023). 

Quite surprisingly, it has now been found tiiat an antibody having the requisite Vh of ttiis invention, need 
not be recombined only witti a Vl from tiie same naturally occuring animal antibody. For instance, as set 
fortti In tiie examples, it Is possible to produce a chimeric antibody having a heavy chain with a Vh from 
40 CC83 and a light chain witti a Vl from CC49. wherein ttie composite antibody ttius formed has a binding 
specificity 25% greater than the binding affinity of B72.3 to TAQ72. 



Constant Regions 



Heavy Chain (Ch) Domain 

The Ch domains may be of various human isotypes. i.e.. IgG (e.g.. Igd, lgG2. IgGs and IgG*). IgA, IgD. 

50 IgM, as well as ttie various subtypes of the individual groups. 

For a discussion of the human 7I, see Ellison et al., 'The nucleotide sequence of a human 
immunoglobulin C-gamma- 1 gene". Nucl. Acid Res 10. 4071-4079 (1982); Takahashi et al., "Structure of 
human immunglobulin gamma genes: Implications for evolution of a gene family". Cell 29. 671-679 (1982). 
For a discussion of ttie human gamma 2 (72), see Krawinkel et al., "Comparison of the hinge-coding 

55 segments in human immunoglobulin gamma heavy genes and ttie linkage of the gamma 2 and gamma 4 
subclass genes, EMBO J 1, 403-407 (1982); Ellison et al.. "Unkage and sequence homology of two human 
immunoglobulin gamma heavy chain constant region genes. Proc. Nat Acad. ScL (USA) 79, 1984-1988 
(182); Takahashi et al., Infra. For a discussion of human gamma 3 (78), see Krawinkel et al. Infra, and 
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Takahashi et al.. infra. For a discussion of human gamma 4 (74), see Ellison et al. "Nucleotide sequence of 
a human immunoglobulin C*gamma-4 gene. DAM 1^, 11-18 (1981), Krawinkel et al. //)frd, and Takahashi et 
al., infra. 

For a discussion of the human mu, see Babbitts et al., Human Immunoglobulin Heavy Chain Genes: 
5 Evolutionary Comparisons of Cu, Cs, and C7 genes and Assodated Switch Sequences**, Nucl.. Acid Res. 9, 
4509-45024. 

For a discussion of the human alpha, see Ranagan et al., "Mechanisms of Divergence and Conver- 
gence of the Human Immunoglobulin alpha 1 and alpha 2 Constant Region Gene Sequences", Cell 36, 881- 
688(1984). 

70 Foi» a discussion of the human delta, see White et al.. "Human Immunoglobulin D: Genomic Sequences 
of the Delta Heavy Chain". Science 228. 733-737 (1985). 

For a discussion of the human epsilon, see Max et al., "Duplication and Deletion in the Human 
Immunoglobulin e Genes", Ceii^, 691-699 (1982). 

75 

Light Chain (CQ Domain 

The Cl domain may be human kappa (x) or human lambda (X). 

For a discussion of the human x, see "Cloned Human and Mouse Kappa Immunoglobulin Constant and 
20 J Region Genes Conserve Homology in Functional Segments", Helter et al., C&//22, 197-207. November 
(1980) 

For a discussion of the human X, see "Processed Genes: A Dispersed Human Immunoglobulin Gene 
Bearing Evidence of RNA-Type Processing", Hollls et al.. Nature 296. 321-325 (1982). 

The Ch and/or Cl gene segments may be "altered" by mutagenesis. Exemplary techniques include the 
25 addition, deletion, or nonconservative substitution of a limited number of various nucleotides or the 
conservative substitution of many nucleotides, provided that the proper reading frame is maintained. In 
addition, entire domains of the protein can be altered, for example, by substituting Ch2 for Ch3- This 
substitution is made at the DNA level by inserting, deleting or substituting entire exons of sequence. 

30 

Construction of Antibodies 



Immunizations 

35 

The first technique for producing antibodies, whether monoclonal or polyclonal, having Vh regions 
encoded by DNA derived from VhoTAG is to immunize a host animal wttii purified TAG72. Exemplary 
protocols for immunizing a host animal with TAG72 are set forth in U.S. Patents 4.522.918 and 4.612.282, 
using a human breast carcinoma extract as the immunogen; and .United States Patent Application 7-073.685 

40 (which is available to tiie public), using TAG72 purified with B72.3 as tiie immunogen. 

Thereafter, monoclonal or polyclonal antibodies produced from the immunization protocol are screened 
to determine which of said antibodies selectively bind to TAG72. Such screening may be accomplished by 
any of a number of well-known procedures, such as solid-phase radioimmunoassay, enzyme-linked 
immunosorbent assays, resetting assays and blocking assays. The above-described procedures are well- 

45 known in the art. 



Synthesis of Amino Acid Sequences 

50 Immunoglobulins of the present Invention can be synthesized from their constituent amino acids. 
Suitable techniques are the Merrifield solid phase method, as described in J. Amer. Chem, Sac. 85. 2149- 
2154 (1963). This solid phase method for synthesizing sequences of amino acids is also described on 
pages 1 -4 of of a book by Stewart and Young, Solid Phase Peptide Synthesis (W. H. Freemen and Co., San 
Francisco, 1969). 

55 



Construction of DNA 
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DNA Encoding the Vh and Vt 

The DNA encoding the antibody heavy and light chains may be obtained from a variety of sources 
known to those of ordinary sicill in the art, for example, genomic DNA, cDNA, synthetic DNA, or a 
5 combination thereof. 

Cells coding for the desired sequence may be isolated, and genomic DNA fragmented by one or more 
restriction enzymes. The genomic DNA may or may not include naturally-occun'ing introns. The resulting 
fragments may then be cloned and screened using a heavy chain J region (Jh) probe for the presence of 
the DNA sequence coding for the polypeptide sequence of Interest DNA fragments isolated by preparative 
70 agarose gel electrophoresis are ligated. Recombinant plaques of the libraries are screened with a mouse Jh 
probe. 

The DNA may also be obtained from a cDNA iibrary. Messenger RNA coding for heavy or light chain is 
isolated from a suitable source, either mature B cells or a hybridoma culture, employing standard 
techniques of RNA isolation, and the use of oligo-dT cellulose chromatography to segregate the poly-A 

75 mRNA. The poly-A mRNA may. further, be fractionated to obtain sequences of sufficient size to code for 
the amino acid sequences in the light or heavy chain of the desired antibody as necessary. 

A cDNA library is then prepared from the mixture of mRNA using a suitable primer, preferably a nucleic 
acid sequence which is characteristic of the desired cDNA. Such a primer may be synthesized based on 
the amino acid sequence of the antibody. In the alternative cDNA from unfractionated poly-A mRNA from a 

20 cell line producing the desired antibody or poly-dT may also be used. The resulting cDNA is optionally size 
fractionated on polyacrylamlde gel and then extended with, for example, dC residues for annealing with 
pBR322 or other suitable cloning vector which has been cleaved by a suitable restriction enzyme, such as 
Pst I, and extended with dG residues. Alternative means of forming cloning vectors containing the cDNA 
using other tails and other cloning vector remainder may, of course, also be used but the foregoing is a 

25 standard and preferable choice. A suitable host cell strain, typically Escherichia coii (E. coii), is 
transfonned with the annealed cloning vectors, and the successful transfonmants identified by means of. for 
example, ampiciilin or tetracycline resistance or other phenotypic characteristics residing on the cloning 
vector plasmid. 

Successful transfonnants are picked and transferred to microtiter dishes or other support for further 
30 growth and preservation. Nitrocellulose filter imprints of these growing cultures are then probed with suitable 

nucleotide sequences containing bases known to be complementary to desired sequences in the cDNA. 

Several types of probe may be used, preferably synthetic single stranded DNA sequences labeled by 

kinasing with y^P ATP. The cells fixed to the nitrocellulose filter are lysed, the DNA denatured, and then 

fixed before reaction with kinased probe. Clones which successfully hybridize are detected by contact with 
36 a photoplate. then plasmids from the growing colonies isolated and sequenced by means known in the art 

to verify that the desired portions of the gene are present. 

The desired gene fragments are excised and tailored to assure appropriate reading frame with the 

control segments when inserted into suitable expression vectors. Typically, nucleotides are added to the 5 

end to include a start signal and a suitably positioned restriction endonuclease site. 
40 Because the inventors have provided the nucleotide sequences of the VhqTAG, the DNA also may be 

synthetically synthesized, for example, using an Applied BlosystemsTM Model 380A DNA Synthesizer, and 

constructed by standard techniques. 

Finally, an exemplary technique for utilizing combination of the above techniques is by splicing with 

overiap extension using polymerase chain reaction technology, see Norton et al., supra. Generally, a 
45 synthetically synthesized primer, having a so-called "wagging tail", may be inserted with a selected 

sequence, for example genomic DNA. Thereafter, the sequences are amplified and spliced together. 



DNA Encoding the Ch and Ct 

The DNA fragment encoding the amino acid sequence of the human constant region may be obtained 
by screening the chromosomal DNA of cells producing human Immunoglobulin. 



55 Vectors 

The desired DNA fragment may be positioned in a biologically functional expression vehicle which may 
contain appropriate control sequences not present In the selected DNA fragment By "biologically func- 
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tional" is meant that the expression vehicle provides for replication and/or expression in an appropriate host, 
either by maintenance as an extrachromosomal element or by integration into the host genome. A large 
number of vectors are available or can be readily prepared, and are well-known to skilled artisans. 

A number of plasmids, such as those described in Eureopean Published Patent Applns. 0036776. 

5 0048970 and 0051873, have been described which already contain a promoter in reading frame with the 
gene and compatible with the proposed host cell. 

The vectors and methods disclosed herein are suitable for use over a wide range of microorganisms, 
either prokaryotic or eukaryotic, which are susceptible to transformation. The plasmid will be capable of 
replicating In the microorganism, particularly a bacterium. 

10 In general, plasmid vectors containing the appropriate promoters, which can be used by the microbial 
organism for expression of its own protein, also contain control sequences, ribosome binding sites, and 
transcription temnination sites. Generally, the replicon and control sequences which are derived from 
species compatible with the host cell are used in connection with these hosts. 

Smaller or larger SV40 fragments may also be used, provided there is included the approximately 250 

IS base pair (bp) sequence extending from the Hind III site toward the Pvu II site located in the viral origin of 
replication. Further, it is also possible, and often desirable, to utilize promoter or control sequences normally 
associated with the desired gene sequence, provided such control sequences are compatible with the host 
cell systems. 

Rnally, the plasmid should desirably have a gene, a marker gene, that is capable of providing a 
20 phenotypical property which allows for selection of host cells containing the expression vector. Particularly 
useful is a gene that provides for survival selection. Survival selection can be achieved by providing 
resistance to a growth inhibiting substance or providing a growth factor capability to a bacterium deficient in 
such capability. 

In general, prokaryotes are preferred. For example, pBR322 a plasmid derived from an E. cofi species 

25 [Bolivar, et al., Gene 2, 95 (1977)] is particularly useful. pBR322 contains genes for ampicillin and. 
tetracycline resistance and thus provides an easy means for Identifying transformed cells. 

While these prokaryotes are the most commonly used, other microbial strains which may be used 
include E. coli strains such as E. coli B, E. colt K12 strain 294 (ATCC No. 31446) and E. coll XI 776 (ATCC 
No. 31537), E. coli W3110 (F", 7-, prototrophic, ATTC No. 27325), bacilli such as Bacillus subtllus, and 

30 other enterobacteriaceae such as Salmonella typhlmurlum or Senatia macrcesans, and various 
Pseudomonas species may be used. These examples are intended to be illustrative only. 

In addition to prokaryates, eukaryotic microbes may also be used. Saccharomyces cerevlsiae, or 
common baker's yeast, is the most commonly used among eukaryotic microorganisms although a number 
of other strains are commonly available. 

05 For expression in Saccharomyces, the plasmid YRp7, for example, [Stinchcomb, et al., Nature 282, 39 
(1979); Kingsman et al.. Gene 7. 141 (1979); Tschemper. et al.. Gene 10, 157 (1980)] is commonlyused. 
This plasmid already contains the trpi gene which provides a selection marker for a mutant strain of yeast 
lacking the ability to grow in tryptophan, for example ATCC No. 44076 or PEP4-1 [Jones, Genetics 85. 12 
(1977)]. The presence of the trpI lesion as a characteristic of the yeast host cell genome then provides an 

40 effective environment for detecting transformation by growth in the absence of tryptophan. 

Any plasmid vector containing a yeast-compatible promoter, origin of replication and temnination 
sequence is suitable for use in yeast. Suitable promoting sequences in yeast vectors include the promoters 
for 3-phosphoglycerate kinase [Hitzeman, et al., J. Biol. Chem, 255, 2073 (1980)] or other glycolytic 
enzymes [Hess, et al.. J. Adv. Enzyme Reg. 7. 149 1968); Holland et al., Biochemistry VT, 4900 1978)]. 

45 For use in mammalian cells, the control functions on the expression vectors are often provided by viral 
material. For example, commonly used promoters are derived from polyoma. Adenovirus 2, and most 
frequently Simian Virus 40 (SV40). The eariy and late promoters of SV40 virus are particulariy useful 
because both are obtained easily from the virus as a fragment which also contains the SV40 viral origin of 
replication [Rers. et al.. Nature^, 113 (1978)]. 

50 For example, pSV2neo contains a gene for ampicillin resistance neomycin resistance, which is under 
the control of an SV40 promoter. Thus, pSV2neo provides easy means for identifying cells transformed with 
genes for both the animal variable region and human constant region. 



55 Preparation of Chimeric DNA 

The genes coding for the heavy chain or the light chain will be constructed by joining the s'-end of a 
DNA fragment which encodes the constant region to the 3' end of a DNA fragment which encodes the 
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variable region. The DMA sequence coding for the antibody amino acid sequence may be obtained in 
association with the promoter and replication site from genomic DNA. To the extent that the host cells 
recognize the transcriptional regulatory and translational Initiation signals associated with tiie heterologous 
genes, then tiie region s' and 3' of the variable region coding sequence may be retained with the variable 
region coding sequence and employed for transcriptional and translational initiation regulation. The non- 
coding region s' to the constant region may be retained for its transcriptional termination regulatory 
sequences, such as tennlnation and poiyadenyiation. In referring to 5 or s' for a double strand, it Is 
Intended to mean tiie direction of transcription, with B being upstream from 3 . 

The intron sequence between the variable region for each respective chain may be joined to ttie 
corresponding human constant DNA fragment at any convenient restriction site. In providing a fragment 
encoding the variable region, It will usually be desirable to Include a portion of the intron downstream from 
the J region. Where ttie Intron is retained, R will be necessary ttiat there be functional splice acceptor and 
donor sequences at the intron tennini. The contiguous non-coding region 5 to the variable region will 
normally include those sequences Involved witii initiation of transcription and translation, such as the TATA 
box, capping sequence and CAAT sequence. Usually, tiie s'-non-coding sequence does not exceed about 
1-2 kilo bases (kb). 

An enhancer sequence should exist between tiie J region and the constant region. The enhancer 
employed may be the enhancer of eitiier (1) ttie animal V region or ttie (2) tiie human constant region. 

By retaining tine 3'-region naturally contiguous to tfie DNA sequence coding for the constant region, the 
transcriptional termination signals may be provided for tine gene. Where the transcriptional termination 
signals are not satisfactorily functional In tiie expression host cell, tt^en a 3' region functional In the host cell 
may be substituted. Convenientiy. the non-coding 3' region may be obtained from a non-coding contiguous 
3' region of a constant region from the expression host. The 3'-non-coding region may be joined to the 
constant region by any of the means described previously for manipulation and ligation of DNA fragments. 
This region couM tiien be used as a building block in preparing the gene. 



Preparation of Expression Vehicles 

Construction of suitable expression vehicles containing tiie desired coding and control sequences may 
be produced as follows. The termini of tiie vectors and DNA fragments may then be religated to form the 
desired expression vehicles. The mettiods employed are not dependent on the DNA source, or intended 
host. 

DNA fragments coding for the light chain and heavy chain may be inserted Into separate expression 
vehicle, or Into tiie same vector. Preferably, tiie fused genes encoding ttie light and heavy chimeric chains 
are assembled in two different expression vectors which can be used to cotransform a recipient cell, either 
concurrentiy or sequentially. 

The means for Insertion of tiie DNA fragments containing ttie chlmerte genes into expression vectors 
includes using restriction endonucleases. "Restriction endonucleases" (or "restriction enzymes") are 
40 hydrolytic enzymes capable of catalyzing site-specific cleavage of DNA molecules. The locus of restriction 
endonuclease action is detemnlned by tiie existence of a specific nucleotide sequence. Such a sequence is 
termed tiie recognition site for ttie restiiction endonuclease. Many restriction endonucleases from a variety 
of bacterial species have been isolated and characterized in temns of the nucleotide sequence of tiieir 
recognition sRes. Some restriction endonucleases hydrolyze tiie phosphodiester bonds on botii strands at 
45 tiie same point, producing blunt ends. Others catalyze hydrolysis of bonds separated by a few nucleotides 
from each otiier. producing free single stranded regions at each end of the cleaved molecule. Such single 
stranded ends are self-complementary, hence cohesive, and may be used to rejoin tiie hydrolyzed DNA. 
Exemplary restriction enzymes include Aat II, Bam HI. Eco Rl. Hind III. Nde I. Spe I. Xba I, Sac I. Bgl II. 
Psff. Sa/landPv(/IL 

50 Additionally, the expression vector may have a polylinker inserted tiierein which has a a plurality of 
unique restriction sites. By digestion of tiie expression vector witti the appropriate restriction enzymes, the 
polylinker will be cleaved so tiiat at least one DNA fragment containing ttie gene can be inserted. Where ttie 
polylinker allows for distinguishable termini, tiie DNA fragment can be Inserted in a single orientation; were 
the termini are ttie same, insertion of tiie DNA fragment will result in plasmlds having two different 

66 orientations. 

Cleavage is performed by treating tiie plasmid witti a restriction •enzyme(s). In general, about 10 ug 
plasmld or DNA fragments is used witti about 10 units of enzyme in about 100 ii\ of buffer solution. 
Endonuclease digestion will nomnally be canried out at temperatures ranging from 37* to 65 C, at a pH of 
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from 7 to 9. (Appropriate buffers and substrate amounts for particular restriction enzymes are specified by 
the manufacturers.) Time for the reaction will be from 1 to 18 hours. 

It may be useful to prevent religation of the cleaved vector by pretreatment with alkaline phosphatase. 
Specific conditions are prescribed by the manufacturer. 
5 After the restriction enzyme digest is complete, protein is removed by extraction with phenol and 
chloroform. The nucleic acid is recovered from the aqueous fraction (containing about 0.3M sodium acetate) 
by precipitation with about 2.5 volumes of ethanol. 

Descriptions of methods of cleavage with restriction enzymes may be found in the following articles: 
Greene et a!.. Methods in Molecular Biology , Vol. 9, ed. Wickner, R. B.. Marcel Dekker, Inc., New York. 
10 "DNA Replication and Biosynthesis"; Mertz and Davis, Proc. Nat Acad. ScUUSA), 69, 3370 (1972). 

Size separation of the cleaved fragments by agarose gel electrophoresis is readily perfonmed to follow 
the course of the reaction. Once the digestion has gone to the desired degree, the endonuclease may be 
inactivated by heating above 65* C for about 10 minutes or organic extraction. 

The desired fragment is then purified from the digest. Suitable purification techniques include gel 
16 electrophoresis or sucrose gradient centrifugation. 

The plasmid vehicle and foreign DNA fragments are then ligated with DNA ligase to recircularize. This 
process is referred to as annealing and DNA ligation. 

An appropnateiy buffered medium containing the DNA fragments. DNA ligase, and appropriate cofac- 
tors is employed. The temperature employed will be between 25* to 4* C. When DNA segments hydrogen 
20 bond, the DNA ligase will be able to introduce a covalent bond between the two segments. The time 
employed for the annealing will vary with the temperature employed, the nature of the salt solution, as well 
as the nature of the sticky ends or cohesive termini. Generally, the time for ligation may be from 5 to 18 
hours. See Maniatis T., Molecular Cloning, Cokl Spring Harbor, supra. 

25 

Host Cells 

Thereafter, the expression vehicle constructs may be used to transform an appropriate host cell. 
Suitable host cells include cells derived from unicellular as well as multicellular organisms. 
30 The chimeric immunoglobulin genes can be expressed in nonlymphoid cells such as bacteria or yeast. 

Various unicellular microorganisms can be transformed, such as bacteria. That is, those unicellular 
organisms which are capable of being grown in cultures or fermentation. Since bacteria are generally the 
most convenient organisms to work with, bacteria will be hereinafter refenred to as exemplary of the other 
unicellular organisms. Bacteria, which are susceptible to transformation, include members of the Enterobac- 
35 teriaceae, such as strains of Escherichia coin Salmonella; Bacillaceae, such as Bacillus subtllls; 
Pneumococcus\ Streptococcus, and Haemophilus Influenzae. 

When expressed in bacteria, the immunoglobulin heavy chains and light chains become part of 
inclusion bodies. The chains then must be isolated, purified and tiien assembled Into functional im- 
munoglobulin molecules. 

40 In addition to prokaryates, eukaryotic microbes, such as yeast cultures may also be used. Sac- 
charomyces cerevlsae, or common baker's yeast is ttie most commonly used among eukaryotic microor- 
ganisms, altiiough a number of otiier strains are commonly available. The presence of the trpi lesion as a 
characteristic of the yeast host cell genome provides an effective environment for detecting transformation 
by growtti in tiie absence of tryptophan. 

45 In addition to microorganisms, cultures of cells derived from multicellular organisms may also be used 
as hosts. In principle, any such celt culture is workable, whether from vertebrate or invertebrate culture, 
provided tiiat the ceil line is one that at least originally produced antibodies. Propagation of vertebrate cells 
in culture has become a routine procedure in recent years [Tissue Culture, Academic Press, Kruse and 
Patterson, editors (1973)]. Examples of such useful host cell lines are Sp2/0, VERO and HeLa cells. Chinese 

50 hamster ovary (CHO) cell lines, and W138. BHK, COS-7 and MDCK cell lines. 

The prefenred recipient ceil line is a plasmacytoma cell such as B lymphocytes or hybridoma cells. 
Plasmacytoma cells can synthesize, assemble and secrete immunoglobulins encoded by transformed 
immunoglobulin genes. .Further, they possess tiie mechanism for glycosylatlon of the immunoglobulin. 
Sp2/0 is a prefenred recipient cell because it is an immunogiobulin-nonproducing plasmacytoma cell. The 

55 cell produces only immunoglobulin encoded by tiie transformed immunoglobulin genes. Plasmacytoma 
cells can be grown in culture or in the peritoneum of mice where secreted immunoglobulin can be obtained 
from ascites fluid. 
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Transformation of Host Cells 

Transformation of host cells is accomplished as follows. The expression vehicle is linearized and the 
DNA is Inserted into host cells for production of the antibody. Exemplary methods for inserting the DMA into 
5 host ceils include eiectroportion, protoplast fusion, calcium phosphate-precipitation, or other conventional 
techniques, which use dextran sulfate, and PEG. 

If cells without formidable cell wall baniers are used as host cells, transformation may be cam'ed out by 
the calcium phosphate precipitation method as described by Graham and Van der Eb, Virology, 52, 546 
(1978). 

10 If prokaryotic cells or cells which contain substantial cell wall constructions are used, the preferred 
method of transformation is calcium treatment using calcium chloride as described by Cohen, F.N. et al, 
Proc. Natl. Acad. Scl.(USA)^. 2110 (1972). 

The host cells may be transfonmed via either co-transfonmation or targeted transfonnatlon. 
For co-transformation, the genes coding for the light chain and heavy chain may be used to transform 
15 separate cell cultures, either of the same or of differing species; separate plasmids for light and heavy chain 
may be used to co-transform a single cell culture; or finally, a single expression plasmtd containing both 
genes and capable of expressing the genes for both light and heavy chain may be transformed into a single 
cell culture. 

In the targetecf transformation technique, the host cells are transformed with genes encoding for the 
20 light chain, and the cells containing the light chain marker are selected. The light chain is found using 
cytostaining or possibly by detection of the light chain in the supernatant if it has been secreted. Ceils 
selected to have the light chain are transformed with the heavy chain construct, and resultant cells 
additionally containing the heavy chain marker selected. 

It is. known that some immortalized lymphoid cell iines, such as plasmacytoma cell lines, in their normal 
25 state secrete isolated Ig light or heavy chains. Consequently, if such a cell line is transformed with the 
vector containing the chimeric heavy or light chain of the present invention, it will not be necessary to 
transform the cell line or another ceil line with the other lg chain, provided that the normally secreted chain 
is complementary to the variable domain of the Ig chain encoded by the vector initially used to transform 
the cell line. 

30 

Selection and Expression of Transformed Host Cells 

Generally, after transformation of the host ceils, the cells may be grown for about 48 hours to allow for 
35 expression of marker genes. The cells are then placed in a selective medium, where untransfonmed cells 
are killed, leaving only cells transformed with the DNA constructions. 

Heavy and light chains or portions thereof, may be produced in isolation from each other and antibodies 
and fragments thereof may be obtained. Such preparattons require the use of techniques to reassemble 
isolated chains. 

40 The ability of the method of the Invention to produce heavy and light chains or portions thereof, In 
isolation from each other offers the opportunity to obtain unique assemblies of immunoglobulins, Fab 
regions, and univalent antibodies. It is possible to recombine the heavy and light chains In vitro, disrupted 
by cleavage of only the interchain disulfides, and to regain antibody activity even without restoration of the 
inter-chain disulfides [see Edelman. G.M.. et al., Proc. Natl. Acad. ScL (USA) BO, 753 (1963)]. 

45 The transformed cells are grown under conditions appropriate to the production of the light chains 
and/or heavy chains, and assayed for heavy and/or light chain protein synthesis. Exemplary assay 
techniques include enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA), or ftourescence* 
activated ceil sorter analysis (FACS), immunohistochemistry and the like. 

The binding affinity of monoclonal antibodies for TAG72 is determined by means well known in tiie art 

60 (see Heyman. B. et al. J. Immunol. Methods 193-204 (1984) and as described in detail in the Examples 
provided hereinafter). 

Selected positive cultures are subcloned in order to isolate pure transformed cotonies. A suitable 
technique for obtaining subclones is via the limited dilution method taught by McKeara in Monoclonal 
Antibodies, Plenum Press, N.Y. (1980). 
55 Hybridomas ttiat produce such chimeric antibodies may be grown using known procedures. The 
transformed cells can secrete large quantities of the light chains and/or heavy chains by culture In vitro, 
such as by hollow fiber systems, spinner culture, static cutture; or In vivo such as ascites production. 

The chimeric antibodies may be produced in large quantities by injecting a hybridoma into tiie 
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peritoneal cavity of pnstane-primed mice, and after an appropriate time (about 1-2 weeks), harvesting 
ascites fluid from tiie mice, which yields a very high titer of homogeneous monoclonal antibody, and 
isolating the monoclonal antit)odies therefrom by methods well known in the art [see Stramignoni, P. et al., 
Intl. J. Cancer 3^, 543-552 (1983)]. The hybridomas are grown up In vivo, as tumors in animals, the serum 

5 or ascites fluid of which can provide up to at)out 50 mg/mL of monoclonal antitKDdies. Usually, injection 
(preferably intraperitoneal) of about 10^ to 10^ histocompatible hybridoma cells into mice or rats will result 
in tumor fonnation after a few weeks. The antibodies can then be collected and processed by well known 
methods. (See generally. Immunotoglcat Mettiods , vols. I & It. eds. Lefkovits, I. and Pemis, B., (1979 & 
1981) Academic Press. New York, N.Y.; and Handbook of Experimental Immunology, ed. Weir, D.. (1978) 

10 Blackwell Scientific Publications, St. Louis, MO.) 

The antibodies can flien be stored in various buffer solutions such as phosphate buffered saline (PBS), 
which gives a generally stable antibody solution for further use. 

The chimeric antibodies of th& present invention may be fragmented using known protease enzymes, 
for example papain and pepsin, to obtain highly immunoreactive F(ab')2. F(ab') and Fab fragments. In 

75 addition, active fragments of Ig fom>ed by proteolysis (approximately 50,000 MW) can be split into their 
fully reduced heavy chain and light chain components and fairly efficientiy reconstructed to give an active 
antibody (Haber. E.. Proc. Natl. Acad. Scl. (USA) 52, 1099 (1964); Whitney, P.L, et al., Proc. Natl. Acad. 
Sol. (USA) 53, 524 (1965)]. The reactivity of the resulting F(ab )2. F(ab ) and Fab fragments are determined 
by methods as described above for the complete monoclonal antibody molecule. 

20 

Uses of tiie Antibodies 

The antibodies of the present invention, as well as immunoreactive fragments or recombinants thereof, 
25 provide unique benefits for use in a variety of cancer treatments. In addition to the ability to bind specifically 
to malignant cells and to localize tumors, the antibodies have constant variable regions which do not bind 
detectably to normal cells such as fibroblasts, endothelial cells, or epithelial cells In the major organs. 

Specifically, the antibodies, immunoreactive fragments or recombinants thereof are useful for, but not 
limited to, tiie following types of cancer treatment: (1) in vivo diagnostic assays conjugated to an imaging 
30 marker, for the In situ detection of carcinoma lesions, as further described below; (2) in wVo therapy, using 
the antibodies of the present invention alone or conjugated to a therapeutic agent such as a radionuclide, 
toxin, effector cells, otiier antibodies or via a complement mechanism, as described below; and (3) 
radiotmmunoguided surgery, as described below. 

Moreover, a phanmaceutlcai composition comprising the antibodies of the present Invention in a 
35 pharmaceutically acceptable, non-toxic, sterile carrier such as physiological saline, non-toxic buffers and the 
like, is also now possible. 

Injectable compositions of tiie present invention may be either in suspension or solution fonm. In 
solution fomn the complex (or when desired the separate components) is dissolved in a pharmaceutically 
acceptable cam'er. Such cam*ers comprise a suitable solvent, preservatives such as benzyl alcohol, If 
40 needed, and buffers. Useful solvents Include, for example, water, aqueous alcohols, glycols, and 
phosphonate or carbonate esters. Such aqueous solutions contain no more than 50% of the organic solvent 
by volume. 

Injectable suspensions as compositions of the present invention require a liquid suspending medium, 
witii or without adjuvants, as a carrier. The suspending medium can be, for example, aqueous polyvinylpyr- 

45 roiidone, inert oils such as vegetable oils or highly refined mineral oils, or aqueous cartx)xymethlycellulose. 
Suitable physiologically acceptable adjuvants, if necessary to keep the complex in suspension, may be 
chosen from among thickeners such as carboxymethylcellulose, polyvinylpyrrolidone, gelatin, and the 
alginates. Many surfactants are also useful as suspending agents, for example, lecithin, alkylphenol, 
polyethylene oxide adducts, naphthalenesutfonates, alkylbenzenesulfonates, and the polyoxyethytene sor- 

50 bitan esters. Many substances which effect the hydrophibicity. density, and surface tension of the liquid 
suspension medium can assist in making injectable suspensions in individual cases. For example, silicone 
antifoams, sorbitol, and sugars are all useful suspending agents. 

Because cancer cells are heterogeneous and consequentiy, a single monospecific chimeric antibody 
may not be able to recognize ail cells expressing different epitopes of a tumor. 

55 Thus, it may be desirable to administer several different chimeric antibodies of the present invention. 
The sequential use of tiiese various antibodies should substantially reduce the anti-idiotypic responses in 
human patients when compared to repeated use of a single antibody. For example. CH92, CH88, and CH44 
could be sequentially administered to a patient Since ttiese antibodies have different light chains and, in 
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fact different CDR3 regions anti-idiotypic responses should be minimized. 



In Vivo Diagnostic Assays 

5 

In vivo diagnostic assays of liuman tumors or metastasis ther^ using the antibodieSi immunoreactive 
fragments or recombinants thereof are conjugated to a marker, administered to a patleht, and then the 
presence of the imaging mari<er in the patient is detected by exposing the patient to an appropriate 
detection means. 

10 Administration and detection of the antibody-imaging mariner conjugate as well as methods of conjuga- 
tion of the antibody to the imaging marker are accomplished by methods readily known or readily 
detenDined, as described, for example, in Goldenberg. DM. et al.. New England J. Med, 298, 1384-1388 
(1978); Qoldenberg, D.M. et al., J. Amen Med, Assoc. 280. 630-635 (1983); Qoldenberg. D.M. et al., 
Gastroenterol. 84, 524-532 (1983); Siccardi A.Q. et al.. Cancer Res. 46, 4817-4822 (1986); Epenetos, A.A, 

15 et a!.. Cancer 55. 984-987 (1985); Philben, V.J. et a!.. Cancer 57. 571-576 (1986); Chiou, R. et at.. Cancer 
Inst. 76, 849-855 (1986); Colcher, E. et a).. Cancer Res., 43,736-742 (1983); Colcher, E. et al.. Laboratory 
Research Methods in Biology and Medicine Immunodiagnostlcs , New York, Alan R. Liss, pp. 215-258 
(1983); Keenan, A.M7et al., J. Noel. Med. 25. 1197-1203 (1984); Colcher D. et al., Cancer Res. 47. 1185- 
1189 (1987); Estaban. J.M. et al., Inti J. Cancer^, 50-59 (1987); Martin. D.T., et al.. Curr. Surg. 41. 193- 

20 194 (1984); Martin, E.W. Jr. et al.. Hybridoma 5. S97-S108 (1986); Martin. D.T. et aL, Am. J. Surg. 150, 672- 
675 (1985); Meares et al., Anal. Blochem. 142, 68-78 (1984); and Krejcarek et aL, Blochem. and Blophys. 
Res. Comm. 77, 581-585 (1977). 

The dosage will vary depending upon the age and weight of the patient. Generally, the dosage should 
be effective to visualize or detect tumor sites, distinct from normal tissues. Preferably, a one-time dosage 

25 will be between 0.1 to 200 mg of an antibody-marker conjugate per patient. 

Examples of imaging markers which can be conjugated to tt)e antibody are well known to ttiose skilled 
in the art and include substances which can be detected by diagnostic imaging using a gamma scanner or 
hand held gamma probe or Positron Emission Tomography or the like, as described in the references cited 
above, and substances which can be detected by nuclear magnetic resonance Imaging using a nuclear 

30 magnetic resonance spectrometer or the like, as described in the references cited above. 

Suitable examples of substances which can be detected using a gamma scanner or tiie like include, for 
example, radioisotopes such as '^l "^In. '^^Bh. «3Sm, ^^Cu, "Ga, ^«Ho, '^^Lu, ^^Re, «8Re, 

and ^'"Tc. '^si, ^^\, ^ssgm and "®'"Tc are prefenred due to their low energy and suitability for long range 
detection. 

35 An example of a substance which can be detected using a nuclear magnetic resonance spectrometer or 
tile like is gadolinium (Gd). 



In Vivo Cancer Treatment 

In this method,- the antibody-tiierapeutic agent conjugate can be delivered to ttie carcinoma site thereby 
directly exposing the carcinoma tissue to the therapeutic agent. 

The antibodies of the present Invention, immunoreactive fragments or recombinants thereof may be 
administered In a pharmaceutically effective amount for tfie In vivo treatment of human carcinomas or 

45 metastasis thereof. A "pharmaceutically effective amount" of the antibody, immunoreactive fragment or 
recombinant tiiereof. conjugated or unconjugated to a tiierapeutic agent, means the amount of said 
antibodies in tiie pharmaceutical composition should be sufficient to achieve effective binding with the 
antigens against which said antibodies have specific affinity. The pharmaceutical composition may be 
administered in a single or multiple dosage. 

50 Methods of preparing and administering conjugates of the antibody, immunoreactive fragments or 
recombinants thereof and a therapeutic agent are weli known or readily detennined by ttiose skilled in the 
art. Moreover, suitable dosages will depend on ttie age and weight of tiie patient and tiie tiierapeutic agent 
employed and are well known or readily detenmined by those skilled In ttie art. Representative protocols are 
described in the references cited below. 

65 Examples of the antibody-therapeutic agent conjugates which can be used In ttierapy Include tiie 
following: (1) antibodies coupled to radionuclides, such as ^^M. soy, iosr^, ^^sc. ^^Cu, 212bi, 2iiAt, e/Qa. 
i25|^ iBSRe^ i88Re^ i77Lu^ s^mj^^ ^53Sm, ^23| and "^In as described, for example, in Qoldenberg. D.M, et al„ 
Cancer Res. 41, 4354-4360 (1981); Carrasquillo, JA et al.. Cancer Treat Rep. 68, 317-328 (1984); 
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Zaicberg. J,R. et al., J. Natl. Cancer Inst 72. 697-704 (1984); Jones. D.H. et al.. Int. J. Cancer 35, 715-720 
(1985); Unge. P.H. et al.. Surgery BQ, 143-150 (1985); Kaitovich. FA et al., J. NucL Med. 27. 897 (1986). 
Order. S.E et al.. Int. J. Radlother. Oncol. Biol. Phys. 8. 259-261 (1982), Courtenay-Luck. N. et al.. Lancet 
1^. 1441-1443 (1984) and Ettinger. D.S. et al.. Cancer TFeat Rep, 66. 289-297 (1982); (2) antibodies coupled 

5 to drugs or biological response modifiers such as methotrexate, adriamycin. and lymphokines such as 
interferon as described, for example, In Chabner, B. et al.. Cancer, Principies and Practice of Oncology . 
Philadelphia, PA. J.B. Lippincott Co. Vol. 1. pp. 290-328 (1985); Oldham. R.K. et al., Cancer. Principles and 
Practice of Oncology , Philadelphia, PA, J.B. Lippincott Co., Vol. 2, pp. 2223-2246 (1986); Deguchi, T. etlST 
Cancer Res. 46, 3751-3755 (1988); Deguchi. T. et al., Fed. Proc. 44. 1684 (1985); Embleton. M.J. et al., Br. 

10 Cancer 49. 559-565 (1984) and Pimm, M.V. et al.. Cancer Immunol. Immunother. 12. 125-134 (1982); (3) 
antibodies coupled to toxins, as described, for example, in Uhr. J.W. et al.. Monoclonal Antibodies and 
Cancer , Academic Press. Inc.. pp. 85-98 (1983). Vitetta. E.S. et al.. Biotechnology and Bio. Frontiers . EdT 
P.H. Abelson. pp. 73-85 (1984) and Vitetta, E.S. et al.. Sc/.. 219. 644-650 (1983); (4) heterofunctional 
antibodies, for example, antibodies coupled or combined with another antibody so that the complex binds 

75 both to the carcinoma and effector cells, e.g.. killer cells such as T cells, as described, for example, In 
Perez, P. et al., J. Exper. Med. IIM. 166-178 (1986); and Lau, M.A. et al. Proc. Natl. Acad. Scl. (USA) 82. 
8648-8652 (1985); and (5) native, i.e.. non-conjugated or non-complexed, antibodies, as described in. for 
example. Herlyn. D. et al.. Proc. Natl. Acad. Scl., (USA) 79, 4761-4765 (1982); Schulz. G. et al.. Proc. Natl. 
Acad. Scl., (USA) 80. 5407-5411 (1983); Capone, P.M. et al., Proa Natl. Acad. ScL, (USA) 80, 7328-7332 

20 (1983); Sears, H.F. et al., Cancer Res. 45. 5910-5913 (1985); Nepom. G.T. et al., Proc. Natl. Acad. Scl., 
(USA) 81. 2864-2667 (1984); Koprowski. H. et al.. Proc, Natl. Acad. Scl., (USA) 81, 216-219 (1984); and 
Houghton. A.N. et al.. Proc. Natl. Acad. ScUUSA)^, 1242t1246 (1985). 

The methods for combining the antibody or antibody fragment to a desired therapeutic agent as 
described above are conventional and well known in the art. For example, the methods given in the 

25 references above. 



Radiolmmunoguided Surgery 

30 Antibodies, immunoreactive fragments or recombinants thereof, are important for radiolmmunoguided 
surgery (RIGS). In RIGS, an intraoperative therapy, tumors are localized and excised. An antibody labeled 
with an imaging marker is injected into the patient, and bound antibody localized by a hand-held gamma 
detecting probe (GDP) and excised. An exemplary GDP is NeoprobeTM, commercially available from 
Neoprobe Corporation, Tampa, FL See Martin et al., "Radiolmmunoguided surgery: a new approach to the 

36 intraoperative detection of tumor using antibody 872.3**, Amer. J. Surg. 156. 386-392 (1988); Martin et at. 
"Radiolmmunoguided surgery: intraoperative use of antibody 17- 1 A in colorectal cancer**, Hybrldoma 5, 
S97-S108 (1986). 

Administration and detection of the antibody-imaging marker conjugate as well as methods of conjuga- 
tion of the antibody to the imaging marker are accomplished by methods readily known or readily 
40 determined by one skilled in the art, as described, for example, above. 

The dosage will vary depending upon the age and weight of the patient, but generally a one time 
dosage of 0.1 to 200 mg of antibody-marker conjugate per patient is sufficient 

The following noniimitlng examples are merely for illustration of the construction and expression of 
chimeric DNA sequences encoding the antibodies of this invention. All temperatures not otherwise indicated 
45 are in Centigrade. All percents not othenvise indicated are by weight. 



Examples 

50 

Replacement of Mouse Constant Regions 

CC antibodies were derived from mice, and are significantly less capable of canrying out the effector 
functions possessed by the human constant regions. 
55 Consequently, in the following examples, selected antibodies are *'humanized** by genetically removing 
the constant regions of the heavy and light chains and replacing them with their human equivalents. 

The mouse light chain constant region genes were replaced with the human kappa (k) gene, and the 
mouse heavy chain genes were replaced with each of the four human gamma Isotypes (7I, y2, yZ and 74). 
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Each of these four gamma isotypes possess unique biological properties. For a general review, see The 
Human IgQ subclasses", Hamilton, R.G. (1989) Doc. No. CB0051-289. Calbiochem Corporation. 



6 Preparation of Heavy and Light Chain Variable Region 



Isolation of CC49 light chain 

TO CC49 hybridoma cells secrete an antibody having an IgQt isotype heavy chain and a kappa light chain. 
Total DNA from CC49 hybridoma ceils, Batb/C mouse kidney cells and NSI plasmacytoma cells was 
isolated according to the procedures set forth in Celh 24, 353-356 (1981). 

Generally, about 10-20 ug of the extracted DNA from each cell line was digested to completion with 80 
units of Bam HI, Eco Rl, Hind 111, Spe I. Xba I, Sac I, Bgi il, and Pst I in 50-100 microliters of a reaction 
75 mixture containing the appropriate reaction buffer at 37* C overnight. 

Next, the total extracted DNA from each cell line was subjected to the Southem hybridization technique, 
developed by E. M. Southem, [J. Mol BloL 98. 503-517 (1975)]. The DNA fragments were fractionated on 
the basis of their size by means of electrophoresis on a 0.8% agarose gel. The double-stranded DNA 
fragments were modified into single-stranded DNA fragments in an alkali solution; and then a nitrocellulose 
20 filter was placed into close contact with the gel to transfer the modified DNA segments onto the filter in the 
presence of a high salt concentration solution. 

Hybridization was carried out using, as the probe, a random primed <32P>-labelled L chain. 
More specifically, the probe was a 1.71 kilo base pair (kbp) Hind Ill-Psf I fragment containing the 
coding exons for the murine Jl regions (J1-J5) and was isolated from the plasmid pGDI. A nucleotide 
25 sequence of the probe fragment is provided in Rgure 7. This plasmid is described in "Site Directed 
Cleavage of Immunoglobulin Gene Segments by Lymphoid Cell Extracts". Agostaro et al., Can. J. Biochem. 
Celi Bioi. 63, 969-976 (1985). The plasmid was provided by NobumichI Hozumi and John Roder, Mt. Sinai 
Research Institute. Toronto. Ontario, Canada. 

To radlolabel the probe. alpha<32> dCTP was obtained from Amersham. Arlington Heights, IL, USA, 
30 and;the random priming kit was obtained from Pharmacia, Piscataway. NJ. USA. 

The signals in Southem transfers were visualized by autoradiography using Kodak X-OMATTM AR film. 
No obviously rearranged band was observed. Thus, relative to the standards, no unique band was detected 
on the autoradiogram for the CC49 DNA digested with Hind III. It could not be ruled out from the Southem 
data, however, that the rearranged band for the L chain was masked by a band migrating in the CC49 i^nd 
35 III digested DNA parallel to the band resulting from a HindWl digest of mouse kidney cell DNA (representing 
the germline DNA). This actually turned out to be the case. 

Preparation of Plasmid Containing Mouse Vt Genes 
40 « 

LAMBDA-ZAPTM, a lambda-based Insertion cloning vector capable of self excision, was purchased from 
Stratagene Co.. La Jolla. CA, USA. LAMBDA-ZAPTM is described on pages 20-21 of tiie 1987 Stratagene 
catalog. The cohesive (cos) ends of l-AMBDA-ZAPTM were ligated overnight by following the manufacturer's 
protocol. 

45 Twenty micrograms of the ligated LAMBDA-ZAPTM were digested with 5 microliters (15 units) of Spe I, 
purchased from New England Biolabs. Inc. The total volume of the digest was 100 microliters. After 55 
minutes of digestion, another 6 units of Spe I were added. After 70 minutes, the reaction was stopped by 
phenol extraction and ethanol precipitation carried out as per Stratagene*s protocol. 

Digestion with Spe I restriction enzyme results in production of "sticky ends" at both termini. These 

50 sticky ends were modified witii T4 DNA polymerase to create half fllled-in Spe I sticky ends, e.g., 
5'aCT/3'tCATG. To accomplish ttie half fill-in reaction, tiie DNA pellet obtained in tiie ethanol precipitation 
above was dissolved in 8 microliters of water. To this was added 2 microliters of 10 mlllimolar dTTP, 2 
microliters of 10 millimoJar dCTP. 2 microliters of Stratagene's 10X ligase buffer. 4 microliters of reionized, 
distilled water, and 2 microliters of a Klenow fragment from Betiiesda Research Laboratories (BRL). The 

55 reaction was carried out at ambient temperatures for 30 minutes. The reaction was stopped by inactivating 
the DNA polymerase at 65* C for 10 minutes. 

One hundred sixty micrograms of total CC49 hybridoma DNA (containing tiie mouse light chain 
promoter and ttie L and VJ exons) were digested to completion with Hind III. Fragments between about 1 
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kb to about 20 tcb were cut out of 0.8% agarose gels. The DNA was purified using GENECLEANTM, which 
IS commercially available from BIO 101 (La Jolla, CA, USA). 

The total CC49 hybridoma DNA Hind III digested fragments were half-filled similarly to the LAMBDA- 
ZAPTM's Spe I fragments with the exception that dATP and dGTP were employed. The half-filled Hind III 

5 digested fragments produced S AGCTT/S QAA sticky ends, which are compatible with the Spe I half-filled 
A LAMBDA-ZAPTM fragment above. 

After phenol extraction and ethanol precipitation, according to the teachings of Maniatis, the total CC49 
hybridoma Hind 111 modified and LAMBDA-ZAPTM Spe I modified DNA fragments were ligated by means of 
T4 DNA ligase. The ligation reaction was set using a 6.1 microliter ligation mixture containing tiie following: 

70 about 0.2 micrograms of the total CC49 hybridoma Hind 111 modified DNA in a 3 microliter solution, about 1 
microgram of LAMBDA-ZAPTM Spe I modified DNA in a 1 microliter solution, 0.6 microliters of Stratagene's 
10X ligase buffer. 0.5 microliters 10 millimolar ATP, and 1 microliter of Stratagene ligase. This was 
incubated overnight in a water bath and the temperature lowered incrementally from about 18*0 to about 
4* 0. This ligation eliminated both the Hind III and the Spe I sites. 

75 A genomic library of ligated mix was made according to Stratagene's protocol. Briefly, 2 microliters of 
the ligation mix produced above was used in Stratagene's Gigapack Gold packaging system, following tiie 
directions of the manufacturer. Rfteen 150 mm plates having a density of 50.000 plaques per plate were 
screened, as per manufacturer's directions, for positive clones by hybridization to nitrocellulose fitters, 
obtained from Schleicher-Schuell. Keene, NH, USA. The <32P> random-labelled probe derived from pGDI, 

20 which was described above, was used for hybridization. Two positive clones were obtained. 

Each clone was plaque purified and recombinant plasmids (phagemlds) of LAMBDA-ZAPTM containing 
the 0049 L chain variable region were obtained by using Stratagene's automatic excision protocol. The 
vector portion of the resulting recombined plasmid is called pBLUESCRIPT SK(-) and consists of 2964 bp 
as described in the 1987 Stratagene catalog. A plasmid map of pBLUESORIPT SK(-) Is shown in Rg. 8. 

25 The DNA from the two positive clones was partially sequenced and botii were identical. One of the 
clones, which was named pRLIOI, was used for further studies. 



Restriction Mapping of 0049 Light Chain 

30 

pRLIOI was 7.61 kb, and tiie size of the DNA insert was determined by restriction enzyme mapping to 
be 4.65 kb. A plasmid map of pRLIOI is shown in Rgure 9. A restriction enzyme map of the 0049 L chain 
genomic DNA insert in pRLIOI is shown in Rg. 10. 

35 

Isolation of 0083 Light Ohain Variable Region 

The procedures used to isolate tiie 0083 light chain were essentially those used to isolate the 0049 
light chain, with the following exception. 
40 A genomic library containing 7 X 10^ plaques was screened using as tiie probe the <32P> random- 
labelled 1.71 Hind \\\"P$t I fragment derived from pGDI. as described above. One positive clone was 
obtained. The positive clone was named pRL200. 



45 Restriction Mapping of 0083 Light Ohain 

pRL200 was 7.44 kb, and ttie size of tiie DNA insert was determined by restriction enzyme mapping to 
be 4.48 kb. A plasmid map of pRL200 is shown in Rgure 1 1. A restriction enzyme map of tiie 0083 L chain 
genomic DNA insert in pRL200 Is shown in Rg. 12. 

50 

Isolation of 0049 Heavy Ohain Variable Region 

The procedures used to isolate the 0049 heavy chain were essentially those used to isolate 0049 light 
55 chain, including the screening of the same 0049 Hind III modified DNA. 

The hybridization probe used to screen ttie library was generated from pNP9, which contains a 1.98 
kbp Eco Rt-fiam HI fragment containing ttie coding exons for Jh3 and Jh4 of ttie 0049 immunoglobulin 
heavy chain. The nucleotide sequence of ttie probe fragment is provided in Rgure 13. The plasmid was 
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provided by Dr. NobumichI Hozumi and Dr. John Roder, Mt. Sinai Research Institute, Toronto, Ontario, 
Canada. 

A genomic library containing 9.5 X 10^ plaques was screened, from which one positive clone was 
obtained. The positive clone was named pHH49. 

5 

Restriction Mapping of CC?49 Heavy'Chain 

pHH49 was about 7.0 kb, and the size of the DNA Insert was detennnined by restriction enzyme 
10 mapping to be about 4.0 kb. A plasmid map of pHH49 is shown in Rgure 14. 



isolation of CC83 Heavy Chain Variable Region 

75 The procedures used to Isolate the CC83 heavy chain were essentially those used to isolated CC49 
heavy chain, with the following exceptions. 

About thirteen micrograms of ligated LAMBOA-ZAPrvi vector DNA were digested with 12 units of Spe I, 
purchased from New England Biolabs, Inc., In a total of 100 microliters of an appropriate buffer. The 
LAMBDA-ZAPTM was digested at 37*0 for one hour. The reaction mixture was phenol extracted and 
20 ethanol precipitated as per Stratagene's protocol. The Spe I digested LAMBDA-ZAPTM was dephosphorylat- 
ed. according to procedures set forth in Maniatis except that 40 fold excess of calf intestinal alkaline 
phosphatase (Boehringer Mannheim, Indianapolis, IN, USA) was used. 

DNA from CC83 was digested to completion with Spe 1. Fragments between about 3 kb to about 40 kb 
were isolated from a 0.8 percent agarose gel slice by etectroelutlon as described by Maniatis, and ligated 
26 with the dephosphorylated Spe l-cut LAMBDA-ZAPTM vector. 

A genomic library containing 5X10^ plaques was screened using the probe generated from pNP9, the 
sequence of which Is provided In Rgure 13. One positive clone was obtained. The positive clone was 
named pHS83. 

30 

Restriction Mapping of 0083 Heavy Chain 

pHS83 was 7.95 kb, and the size of the DNA insert was determined by restriction enzyme mapping to 
be about 5 kb. A plasmid map of pHS83 is shown in Rgure 15. 

35 

Sequencing of 0046, 0049, 0083 and 0092 mRNA 

Total RNA from about 1 X 10^ 0049 cells frozen at -70 'C was extracted essentially as reported by 
40 ManfBtis, with the following exceptions. Four molar guanidinium isothiocyanate and 2.5 molar sodium 
citrate, pH 7.0, and a SW40Ti rotor centrifuged at 31,000 rpm were used. 

A total of 2.7 mg of 0049 RNA was isolated. After centrifugation, poly A+ mRNA was purified from 
about 1.68 mg of RNA by oligo(dT)-cellulose chromatography using Type 3 oligo(dT)-cellulose obtained 
from Collaborative Research, Inc., Bedford, MA. USA. The procedure was as descril)ed by Aviv and Leder, 
45 Proc. Naff. Acad. ScL (USA) ^, 1408 (1972). A total of 50.24 ug of poly A+ mRNA was obtained from 
1 .68 milligrams of mRNA. 

A total of 3.82 mg of 0083 RNA was Isolated from approximately 1 X 10^ cells. A total of 54.6 ug of 
poly A -I* mRNA was isolated from 1.91 milligrams of total RNA. 

A total of 0.814 mg of 0092 RNA was isolated from approximately 2.6 x 10^ cells. A total of 41.88 
50 micrograms of poly A+ RNA was isolated from 0.814 mg of total RNA. 

A total of 1.7 mg of 0046 RNA was Isolated from approximately 2.89 x 10^ cells. A total of 68.88 
micrograms of poly A+ RNA was isolated from 1.7 mg of total RNA. 

Synthetic oligonucleotide primers were synthesized using an Applied Biosystems* (Applied Blosystems 
(ABI), Foster City, OA, USA) Model 380A DNA synthesizer, by phosphoramadite-based chemistry as 
55 specified by ABI. The oligonucleotides were purified, as specified by the manufacturer, after electrophoresis 
on a 20% polyacrylamide gel containing 7M urea. Oligonucleotide concentrations were determined spec- 
trophotometricalty at an optical density of 260 nm, where 1 OD 260 nm unit Is equal to 33 ug/mL of single- 
stranded DNA. 
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The following oligonucleotide primers were made for mRNA sequendng: (1) For the CC49, CC83 and 
CC92 light chains, Kl{-). a 22-mer: 
5'-GGAAGAT6GATACAGTTGQTGC-3' 

complimentary to the coding sequence of the 5 end of the constant region for mouse Immunoglobulin 
5 kappa chains. Is used to detennine the s' most mRNA sequence of the light chain variable region. 

Additionally, or CC49 light chain, 49FR1(-), a 17-mer: 
S'-GGAAQATGGATACAGTTGGTGC-S' 
was used to determine the remaining sequence. 

Additionally, for CC83 light chain, J4(-). a 24-mer: 
70 5'-CCAACTTTGTCCCCGAGCCGAACG-3' 
and also 83L CDR2(-). a 17-mer: 
s'-CAGGGACTCCAGTGTGC-a' 
was used to determine the remaining sequence. 

Additionally, for CC92 light chain. J5(-): 
75 5 -CGTTTCAGCTCCAGCTTGGTCCG-3' 

was used to determine the remaining sequence. 

For tiie CC46, CC349. CC83, and CC92 7I heavy chains. CHI(-). a 24-mer: 
5'-ATGGAGTTAGTTTGGGCAGCAGAT-3' 

complimentary to the coding sequence of the 5 end of the murine 7I heavy chain constant region. The 
20 CH1 (-) 24-mer is used to determine the 3'-most mRNA sequence of heavy chain variable regions. 
Additionally, for the CC49 heavy chain, JH4(-)-20mer: 
5'-GGTGACTGA6GTTCGTTGAG-3' 
was used to determine the remaining sequence. 

Additionally, for ttie CC83 heavy chain, JH2(-)-16mer: 
25 5'-CTGAGGAGACTGTGAG-3' 

was used to determine the remaining sequence. 

Additionally, for the CC92 heavy chain and the B72.3 heavy chain, B72.3/CC92 HC-20mer: 
5'-CCTTGAACTTCTCATTGTAC-3 
was used to detennine the remaining sequence. 
30 The following procedures were carried out as outlined by Jan Gelllebter in BRL FOCUS 9, 1 (1987). 

The oligonucleotide primers were end-labelled as follows: 100 ng of oligonucleotide were combined in 
50mM Tris HOI (pH 8), lOmM MgCb. 5mM ditiiiothreitol. and ImM spermidine. 100 uCi (t-^^P) ATP 
(Amersham, 5000 CI/mMoIe) and 7 units of T4 polynucleotide kinase in a volume of 13 ul. The reaction was 
allowed to proceed at 37*0 for 30 minutes, then heated for 5 minutes at 65* 0 to inactivate the kinase, and 
35 then 7 ul of water was added to make the concentration 5 ngAil. The labelled primers were stored at -20* 0 
until needed. 

Separate samples, each containing about 13 micrograms of poly(A)^ mRNA of CC49, CC83, CC92, or 
CC46. respectively, were resuspended in 10 ul of annealing buffer [lOmM Tris HOI (pH 8.3), and 250mM 
KOI]. 

40 A 5 ng sample of end-labelled oligonucleotide primer was added to each mRNA sample, heated to 
80*0 for 3 minutes, and annealed for 45 minutes at 61*0. for the Kl(-) and 65*0 for tiie CH1(-) 
oligonucleotides. AlVIV reverse transcriptase (Boehringer Mannheim) was used at a level of 6 units for each 
mRNA sequencing reaction. The remainder of the sequencing was canied out as set forth in BRL FOCUS 9, 
1 (1987). 

45 Initial sequence data showed that the heavy and light chains were rean^anged as follows: 0049 kappa 
light chain used a J5; 0049 7I heavy chain used a Jh4 The 0083 light chain used a J4; the 0083 gamma 
1 used a Jh2. The 0046 kappa light chain used a J2; the 0046 heavy chain used a Jh3 The 0092 light 
chain used a J5; the 0092 gamma 1 used a Jh2. 

Rgure 16 shows the nucleotide sequence of 0049 Vh. with the underlined segments showing the 
50 sequences derived using oligonucleotide primers on mRNA. 

Figure 17 shows the nucleotide sequence of 0083 Vh, with the underiined segments show the 
sequences derived using oligonucleotide primers on mRNA. 

The entire nucleotide sequences of 0046 Vh and 0092 Vh. shown in Figure 2, were derived using 
oligonucleotide primers on mRNA. 
55 Rgure 4a shows the nucleotide sequence of 0049 Vl. witii tiie underiined segments show the 
sequences derived using oligonucleotide primers on mRNA. 

Rgure 5a shows tifie nucleotide sequence of 0083 V^. with the underiined segments show the 
sequences derived using oligonucleotide primers on mRNA. 



EP0365 997 A2 



The entire nucleotide sequence of CC92 Vt. shown in Rgure 6. was derived using oligonucleotide 
primers on mRNA, 

5 Protein Sequence 

Purified murine CC49 and CC83 immunoglobulin molecules were sent to Dr. George Tarr at the 
University of Michigan Protein Sequencing facility for NHa-terminal amino acid sequence analysis. Dr. Tarr 
used the Edman degradation method, as modified by Tanr, Q.E., in "IManual Edman Sequencing System", 

70 MIcrocharacterization of Polypeptides: A Practical Manual [John E. Shively, ed., Humana Press, Inc., Clifton, 
N.J., pp 15&-194 (1986)]. Briefly. Dr. fiur reduced and alkylated the immunoglobulin molecules. The light 
and heavy chains of the Immunoglobulin molecules were separated by reverse phase HPLC. 

Rgure 4b shows the amino acid sequence for CC49 Vl, with the results of the amino acid sequence 
determination for the first 24 amino acids of the mature CC49 Vl being underlined. Rgure 6b shows the 

75 amino acid sequence for CC83 Vu with the results of the amino acid sequence detenntnation for the first 51 
amino acids of the mature CC83 Vt. being underlined. ASN-20 could not be determined in the CC83 light 
chain, because of the presence of N-linked carbohydrate residues at this position, which is shown in the 
PNGase F experiment below. The sequence Asn-lle-Thr corresponds to the consensus sequence Asn-X- 
Thr/Ser for carbohydrate attachment to Asn. 

20 Since the heavy chains of immunoglobulins CC49 and CC83 are blocked at the N-termlnus and 
unavailable for amino acid sequence determination, the native giycopeptide was treated with cyanogen 
bromide (CNBr) to cleave at the methionine residues. The cleavage resulted In fragments, which were 
purified by reverse phase HPLC. N-terminal amino acid sequencing was perfonned on the CNBr fragments. 
The results of the amino acid detem>inatlon of one of the CC49 Vh CNBr peptide fragments are 

25 indicated as underlined residues in Rgure 18. The results of the amino acid detemnination of one of the 
CC83 Vh CNBr peptide fragments are indicated as underlined residues in Rgure 19. As with CC49. all other 
peptide sequences con^espond to CNBr fragments derived from the constant region of mouse 7I . 



30 Determination of N^Unked Carbohydrate on CC83 L Chain 

This experiment was done to verify that there is an N-linked carbohydrate attached to the CC83 light 
chain, presumably at ASN-20 (see Rgure 5b). The enzyme glycopeptfdase F (PNGase F). which Is isolated 
from the culture filtrate of Flavobacterium menlngosepticum [Tarentino, A. L et al., Biochemistry 24, 

35 4665-4671 (1985)], will cleave high mannose and/or biantennary complex sugars N-Unked to ASN to 
generate a free carbohydrate structure and an ASP residue from the ASN to which It was attached. The 
difference in molecular weight between the glycosylated and unglycosylated iom of the same peptide can 
be determined by SDS-PAGE. 

Twelve microgram reactions with and without PNGase F.(Boehringer Mannheim. Indianapolis. IN. USA) 

40 for the purified murine antibodies CC49. CC83 and CC11 F(ab')2 (a positive control) were canied out In a 
final aqueous reaction volume of 40 microrrters. Four microliters of 10 x buffer (1M potassium phosphate, 
0.1 M disodium EDTA pH 7.4) were added to each reaction mix. To those tubes designated "with PNGase 
F", 7.5 microliters of PNGase F were also added and all tubes were incubated at 37* C for 1 h. To the react 
on tubes was added 40 microliters of Laemmli 2X sample dilution buffer containing i3-mercaptoethanol. A 

45 10 percent SDS polyacrylamlde gel was electrophoresed, the gel stained with Coomassie Brilliant Blue R- 
250 and destafned. Rgure 20 shows the results. As shown in lane 2. a new band O appears in the PNGase 
F treated CC83 sample but not in the untreated CC83 sample (lane 3). The new band is approximately 
2,000-3,000 molecular weight smaller than the native light chain band, which represents the removal of an 
N-iinked carbohydrate moiety. The only consensus glycosylatlon site for the CC83 light chain is at ASN 20. 

50 so by inference it is assumed that this is the actual site of glycosylatlon and why it did not show up on the 
N-terminal sequence analysis of the CC83 light chains as ASN. The CC49 light chain does not change 
mobility when treated with PNGase F (lane 6), but a new band is observed for the heavy chain fragment of 
CC11 F(ab)2 (lane 4*) which serves as a positive control. mRNA sequence data of CC11 heavy chain 
Indicates a consensus glycosylatlon site in the V domain (data not shown). The standards (lane 1) are 

65 bovine serum albumin (BSA), MW 68,000 and soybean trypsin inhibitor (STI), MW 21,500. 



DNA Sequence 
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Plasmid DNA was sequenced directly using the Sequenase DNA sequencing kit. obtained fronr> United 
States Biochemical (USB). Cleveland, OH, USA. USB's protocol was followed to sequence double stranded 
DNA. The DNA of each variable region was sequenced using the Jh or Jl oligo determined from the mRNA 
sequence information to be specific for each productively reanranged heavy chain or light chain gene. 
5 respectively. 

After the initial sequences were detenmined. the sequence was extended further by using additional 
primers. The additional primers were synthesized using Information gatiiered from the sequences previously 
generated. 

Using the above technique, the DNA sequences of tiie entire heavy chain variable region exons and 
10 light chain variable region exons of CC49 and CC83 were obtained. The DNA sequence was compiled and 
analyzed using Hitachi's DNA sequence analysis software program DNASISTM. 

The following oligonucleotide primers were made for DNA sequencing: 
(1) For botfi light chains, Ck lntron(-): 
5 -GAAAACCTGTGTCTTACAC 3'. 
75 (2) For ttie CC49 light chain, CC49 FRI( + ): 
S'-GTACCTQTQQQGACATTG s'. 
and JK5(-)-23mer 

S'CGTTTCAGCTCCAGCTTQGTCCC-S'. 
(3) For tiie CC83 light chain, CC83 CDR2{-): 
20 5 -CAGGGACTCCAGTGTGC 3', 
CC83 L intron (-): 

6'GACTTCAAQATACAAATGTTAG-3', 
and JK4(-)-20men 

s'-ccaactttgtccccgagccgaacg. 

26 The complete nucleotide sequences for CC49 Vl and CC83 Vl are shown in Rgures 4a and 5a, 
respectively. 

For tiie CC49 heavy chain, Jh4 (-)-20mer: 
5^GGTGAGTGAGQTTCCTTGAC-3' and Jh4 Intron (-): 

s'-gcaatgctcagaaaactcc. 

30 For the CC83 heavy chain. JH2(-)-16mer: 
5'CTGAGGAGACTGTGAG-3' 
and Jh2 lntron(-): 

5'-QCAQTAAAATCTATCTAAGCTG. 

Thereafter, the sequencing of each heavy chain was extended with the following sequences: CC49/83 
35 HC/5'( + ) 

5'-GCACTGCTCATGATATGCAAATC-3'; 
CC49/83 HC^'H 

5'-GATTT6CATATCATGAGCAGTGC-3'; 
and CC49/83 H chain FRI(-) 
40 5'-CTCAGCGTCAGACTGCTG-3'. 

The complete nucleotide sequences for CC49 Vh and CCd3 Vh are shown in Figure 2. 

Comparisons were made between the characterized mRNA sequence and the characterized DNA 
sequence, and between the characterized amino acid sequence witii the amino acid sequence predicted 
from tiie DNA sequence. Based on these comparisons, tiie plasmid clones were identified to contain the 
45 correct DNA sequence to code for the CC49 and CC83 heavy and light chain variable regions. 

The predicted amino acid sequences from the nucleotide sequences of the heavy chain variable 
regions of CC49 and CC83. as shown in Figure 2. show extensive sequence similarity throughout the 
frameworlc regions and hypervariable regions 1 and 2. Hypervariable region 3 is quite different between the 
two due to the recombination of the Vh region with different D and Jh sequences, namely that the cc49 y^ 
so heavy chain used a Jh4, and the CC83 gamma 1 used a Jh2. 

The extensive DNA sequence homology 5 to the coding regions in tiie CC49 and CC83 heavy chain 
variable region genes shows the two heavy chain variable region genes were derived from the same 
germline exons. 

55 

Isolation of VhoTAG, Germline Precursor Gene to the Heavy Chain of CC46. CC49, CC83, and CC92 



The procedures used to isolate the germline precursor gene to the heavy chain variable regions of 
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CC46. CC49. CC83. and CC92 were essentially those used to isolate the CC49 heavy chain variable region 
except that the DNA used to generate the LAMBDA-ZAPTM library came from an In'elevant hybridoma cell 
fine (i.e., a cell line which produces antibodies that do not appreciably bind to TA672). A genomic library 
containing approximately 900.000 plaques was screened from which one positive clone was isolated. The 
6 positive clone was named pVHaTAG. pVhoTA was about 5.2 kb. and the size of the DNA insert was 
determined by restriction enzyme mapping to be about 22 kb. 



DNA sequence of VnaTAG 

10 

The following oligonucleotide primers were used for determining the DNA sequence of VHaTAG: 
B72.3/CC92 HC-20mer: s'-CCTTGAACTTCTCATTGTAOS'; 
CC49/CC83 HC 5'( + )- s'-GCACTGOTCATGATATGCAAATOS; 
CG49/CC83 HO 5'{-}: 5'-GATTTGCATATCATGAGCAGTGC-3'; 
T5 VhoTAG IVS ( + ): 5 -CTAAAGTGGAGTCAGGGCCTG;3'; 
VHttTAG IVS (-): s'-CAGGCCCTGACTCCACTTTAG-a'; 
VhoTAG CDR2 ( + ): s'-GAATGGATTGGATATATTTCTC-s' . 

The complete nucleotide sequence of VhoTAG is shown in Rgure 2. 

20 

Isolation of Human Heavy Constant Genes 

Plasmid constructs containing the various heavy chain human constant regions (p-y1, py2, pyZ» and 
P74) were provided by Dr. llan R. Kirsch of the National Cancer Institute, Bethesda. Maryland. 
25 Restriction enzyme mapping was performed on these genes to confirm their identity. Restriction maps 
for the human constant regions are enclosed in Figure 21. 



Chimeric Ught Chain 

30 

Murine CC49 V Region 

The Hind 111 site of the CC49 light chain genomic DNA located in the murine intron region between J5 
35 and Ck (see Max, Edward E. et al.. J. Biol. Chem. 256, 5116 (1981) was lost in the cloning procedure where 
half-filled in Hind III sites were llgated to half-filled in Spe I sites in the LAMBDA-ZAP vector. The plasmid 
pRLIOI (Figure 9) carried this modification. The intron HindiW site was regenerated as outlined in the steps 
below in order to enable a Hind IH-fiam HI human germline kappa light chain DNA fragment (see Hieter. P. 
et al.. J. Biol.Chem. 257, 1518 (1982) to be llgated to the murine variable region directly. All steps were 
40 performed using standard molecular biology techniques familiar to artisans and can bo found in a manual 
such as Manatls. 

A 1.69 kb Bam Hl-Psf I fragment is isolated from pRLIOI, described supra. A 2.96 kb Bam Hl-Psf 1 
fragment Is isolated from pBluescrlpt SK(-) (purchased from Stratagene), described supra. The two 
fragments are then llgated and pRLIOS, below, is isolated. 

45 



so 



55 
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BamHi < 



Plasmid pGDI, (described supra), was digested with P$t I and Hind III restriction enzymes to yield the 
necessary 1.03 kb Intron-contalning fragment, and pRL103 was also digested with P$t \ and Hind III 
restriction enzymes to remove the small fragment of DNA in the potylinker. 

The resulting fragments were ligated with T4 DNA ligase to produce a 5.68 td3 plasmid, called pRL104. 
A partial restriction map of pGD1 and pRL104 are shown below. 
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Human Ck Region 

Plasmid phum Ck was obtained from Dr. Jolin Roder, Mt Sinai Research Institute, Toronto, Ontario, 
Canada. The plasmid is derived from pBR322, with a 12 kb Bam HI fragment containing the human Ck exon 
inserted therein, pBR322 is described on page 171 of the 1987 Stratagene catalog. The 12 kb Bam HI 
fragment restriction map is shown below [from Heiter. P. et al., J, Biol. Chem 257. 1516 (1982)]. 

phumCk 



Hindtll 




Ck 
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The plasmld phum Ck was digested with Hind III and Bam HI restriction enzymes to yield a 5.0 kb 
fragment, containing the human Cr exon. pRL104 was digested with F$p I and Hind III restriction enzymes 
to yield a 4.2 kb fragment containing the mouse light chain variable exons of CC49. 

The two resulting fragments were joined with T4 DNA ligase to produce a 9.2 kb fragment among the 
5 mixture of resulting fragments. This mixture was digested with Bam HI to yield an 7.7 kb Bam HI CC49 L 
chain chimeric construct with Bam HI sticky ends, which contains both the mouse variable region exons and 
the human constant region (kappa) exon. These constructions utilize the human enhancer sequences and 
the murine promoter sequences. 

The chimeric Bam HI fragment containing both the murine light chain variable region exons (L and VJ) 
TO and the human constant region kappa (k) exon ws ligated Into the BamHI site of with the plasmid pSV2neo 
(5.6 kb). a pBR322-derlved plasmid containing the selectable marker gene neo (obtained from ATCC). The 
presence of the active neo gene renders a cell resistant to growth inhibition by Qenefidn, a neomycln-like 
drug also called G418. 

The chimeric Bam HI fragment was inserted into pSV2neo in both orientations as shown below. Both 
75 transcriptional orientations of the chimeric light chain gene, relative to \he neo gene, were constructed. 
Plasmid pSV2neo was linearized at the Bam HI site, dephosphorylated (according to procedures set forth in 
Manlatis) using calf intestinal alkaline phosphatase (to prevent self*ligation) and ligated with chimeric CC49 
L chain Bam HI fragments from above. 

20 
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EcoRI 



BaniHI 



30 



35 




Hindin 



40 



45 



The transcriptional orientations of the neo gene and the CC49 chimeric light chain are Indicated by 
arrows in pRLISO and pRLIOS. The portions are derived from pSV2neo are indicated. These plasmfds were 
purified on a large scale from preparalhfe scale (1.0L) fenmentation of £. coll clones replicating each of the 
plasmlds. The purified plasmids were used to Introduce the chimeric CC49 light chain into SP2/0 
plasmacytoma ceils as discussed below. 



50 



55 



Murine CC83 Vl Region and Human Ck Region 

The Hind III site in pRL200 which was lost in the cloning process of the CC83 light chain was 
regenerated for the same reason as for the CC49 light chain chimeric construction. The regeneration was 
accomplished as follows. The plasmid pRL200 was linearized at a unique Nhe I site, and both of its sticky 
ends were converted to blunt ends by filling in with dlMTPs and DNA polymerase I. A Bam HI phosphorylat- 
ed linker (purchased from New England Blolabs) was llgated to the filled-in site. The new plasmid is called 
pRL201 and Is shown below. 
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Spel/Hindin 



10 



Hindlll/Spel 



75 




Nhel/BanHI 



20 



The 2.5 kb Bam Hl-Fsf I fragment from pRL201 containing the CC83 light chain variable region 
genomic DNA was conveniently ligated to the 4kb Bam Hl-Psf I vector fragment from pRL104 which was 
described eariier in the CC49 light chain constnjctions and which already had the Hind Ill-bearing intron 
fragment The new plasmid is called pRL202 and is shown below. 



25 




The approximately 5.05 kb Fspl-HInd III fragment from pRL202 was isolated and ligated with the human 
Ck-contalning 5.0 kb Hind Ill-Bam HI fragment already described for the CC49 light chain chimeric 
constnjction. The generation of the CC83 light chain vector was accomplished from this point in an Identical 
fashion as carried out for the CC49 light chain. The resulting 8.5 kb Bam HI CC83 light chain chimeric 
construct was also ligated to pSV2neo-Ba/n HI (phosphatased) and plasmids with both possible orientations 
of the Insert were obtained as diagramed below. 
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The transcriptional orientations of the neo gene and the CC83 chimeric light chain are indicated by 
arrows in pRL203 and pRL230. These plasmids were purified on a large scale from preparative scale {1.0L) 
fermentation In a commercial Incubator of E. coif clones replicating each of the plasmids. The purified 
plasmids were used to introduce the chimeric CC83 light chain Into Sp2/0 plasmacytoma cells, as 
discussed later. 

All four of the chimeric light chain plasmid constmcts (pRL105. pRL150. pRL203 and pRL230) can be 
linearized by digesting with the restriction enzyme Aat 11. The Aat II site In the plasmids is in a region that 
is not essential for the expression of the chimeric light chain gene or the selectable mariner gene, nea 



Chimeric Heavy Chains 



Human Gamma Constant Qene Exons 

The plasmid vector used to canry the chimeric heavy chain constojcts is designated pSV2gpt. set forth 
in Mulligan and Berg. "Selection of animal cells that express the £ coif gene coding for xanthine-guanine 
phosphoribosyltransferase", Proa. Nati, Acad. Sci (USA) 78(4). 2072-2076 (1982). pSV2gpt is a pBR322 
derived plasmid containing the selectable marker gene, guanine phosphoribosyl transferase (gpt), which can 
be used for selective growth In media containing mycophenolic acid. To prepare pSVgpt as a recipient for 
the human Oyl. C72. Oy3. C74 exons, it was digested with Eco Rl and Bam HI. The digested ONA was 
fractionated on a 4 percent polyacrylamlde gel and the 4.5 kb vector fragment was recovered from the gel 
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by electroelution as described in Maniatls, This linearized plasmid was designated pSV2gpt/R/B. a plasmid 
map is shown In Rgure 22. It Is able to accept Eco Rl-flam HI ended fragments. 

The 5' Hind III sites, present on the human IgGi constant region fragments, were converted to Eco Rl 
sites for directed cloning into the Eco Rl site of pSV2-gpt. For 7I, y2, y3, and y4, the Eco Rl site in vector, 
5 pBR322 was employed. 



C7I 

10 The fragment containing the human C7I exons was obtained by digesting and linearizing P7I with Hind 
III followed by filling in the Hind III sticky ends using all four dNTP's and the Klenow fragment of DNA 
Polymerase to make the Hind III ends blunt. An Eco Rl linker was ligated to the blunt ends to replace the 
Hind III Site with an Eco Rl site. This construct was then digested with Eco Rl and Bam HI to release a 7.8 
kb fragment containing the C7I exons. This fragment was called C7I-7.8 kb. 

76 The fragment were each ligated into the Eco Rl-Bam HI sites of pSV2-gpt/R/B. This vector (pSV2-gpt- 
71*7.2) design allows us to insert any murine heavy chain variable region gene (with Eco Rl ends) Into the 
Eco Rl site of the human IgG heavy chain vectors. More specifically. 125 ng of the human C7I-7.8 kb 
fragment was ligated to 100 ng of the linearized pSV2gpt/R/B vector in a volume of 10 ul using 400 units of 
T4 DNA ligase (obtained from New England Blolabs). Frozen competent £ coH DH1 cells from Invltrogen 

20 (San Diego, CA) were transformed with a ligation reaction according to the Invitrogen's protocol. The 
resulting plasmid was designated pSV2gpt7l-7.8. A plasmid map of pSV2gpt7l-7.8 is shown in Figure 23. 

In addition, another shorter fragment containing the C7I exons was generated. Concerns about the total 
size of the chimeric heavy chain vector, with a 7.8kb C7I fragment, a 4.5kb pSV2-gpt/R/B vector, and a 
CC49 variable region of 1.9kb (total = 14.2kb) prompted the need to reduce the large size of the 7.8kb C7I 

25 Eco R\-Bam HI fragment. The coding region of 7.8kb C7I occupies only the first 1/3 of the 6 end of the 
fragment. 

Size reduction was accomplished by converting a downstream Pvu II site to a Bam HI site by blunt-end 
addition of a Bam HI linker. The Hind III site of P7-I was converted to an Eco Rl site by digestion of P7-I 
with Hind III, filling in the 3' end to create a blunt end, and addition of Eco Rl linkers as above. The Pvu II 

30 site 2.3 kb downstream was converted to a Bam HI site by subsequent digestion with Pvu II and ligation of 
Bam HI linkers directly to the blunt Pvu It ends. This construct was then digested with Eco Rl and Bam HI 
to release a 2.3 kb fragment containing the C7I exons. The shortened EcoRI-BamHI fragment (2.3 kb) still 
contains the 7I exons and the 3' polyadenylation sequence. This reduces the total vector size by 5.5kb, 
making the overall construct more manageable (total-8.7 kb). 

35 Approximately 200 ng of the human C7I 2.3 kb fragment was ligated to 100 ng of the linearized 
plasmid pSV2gpt/R/B vector In a volume of 10 ul using 400 units of T4 DNA ligase (New England Biolabs). 
Frozen competent £ coii cells, obtained fronri Invltrogen. were transformed with the ligation reaction 
according to Invitrogen's protocol. The resulting plasmid was designated pSV2gpt7l-2.3. A plasmid map of 
pSV2gpt7l-2.3 is shown in Rgure 24. 

40 DNA fragments containing the other three human IgQ constant region exons were also Isolated. The 
C72 exons were recovered from the plasmid P72 as a 4.0 kb Eco Rl-fla/n HI fragment. The C73 exons were 
recovered from the plasmid P73 as an 8.0 kb Eco Rl-Sa/n HI fragment. The C74 exons were recovered 
from the plasmid p74 as a 7.6 kb Eco Rl-Bam HI fragment. The fragments were separately ligated into a 
pSV2gpt/R/B as described for C7I-7.8 and C7I-2.3. Plasmid maps of the resultant plasmids are shown In 

45 Rgure 25, pSV2gpt-72; Rgure 26, pSV2gpt-73; and Rgure 27. pSV2gpt-74. 



Heavy Chain Chimeric Constructs: 

50 The complete heavy chain variable region human 7I constant region chimeric constructs were 
generated by inserting a fragment containing the murine heavy chain variable region exons into the 
plasmids containing the human 7I constant region exons described as follows. 

Eco Rl fragments containing the murine heavy chain variable region genes from CC49 and CC83 
hybridoma cells were then ligated into each of the 71-74-containing pSV2-gpt vectors (pSV2gpt-7l; 

55 pSV2gpt-72; pSV2gpt-73; pSV2gpt-74;) as foltows. 



CC49 
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A fragment containing the iieavy chain variable region exons coding for the CC49 heavy chain variable 
region was prepared by digesting 14 iig of pHH49 with 50 units of Eco Rl (obtained from BRL) at 37* C for 
2 hours. The digest was fractionated on a 4 percent poiyacrylamide gel and the 1.9 kb Eco Rl fragment 
containing the heavy chain variable region exons of CC49 was recovered by electroelutton as described by 
Maniatis. This fragment was designated f49R. 

A fragment containing the 7.8 kb sequence encoding for 7I was prepared as follows. 

Approximately 50 ug of the vector pSV2gpt 7I-7.8 was digested with Eco Rl. The resultant fragment 
was dephosphorylated (to prevent self ligation) using calf intestinal alkaline phosphatase as described by 
Manlatis, The fragment was purified from the 0.8 percent agarose gel by electroelution. This vector was 
designated pSV2gpt7l-7.8/R. 

The EcoRI site is located 245 bp upstream of the transcription Initiation sites, and contains the promoter 
and the necessary tissue-specific sequences for efficient expression. The Intron regions 3 of the variable 
region genes contain the murine heavy chain enhancer sequences which are absent on the human IgQ 
heavy chain vectors. Therefore, the heavy chain chimeric vectors use both murine promoter and enhancer 
sequences. 

Approximately 325 ng of linearized pSV2gptTl-7.8/R was llgated with 188 ng of f49R in a volume of 10 
uL with 1 unit of T4 DNA ligase (BRL). Frozen competent E. coli AG-1 cells from Stratagene were 
transformed with the ligation reaction according to their protocol. The resulting plasmid was designated 
p497l-7,8. Rgure 28 illustrates a plasmid map for p497l-7.8. 

Approximately 50 ug of the vector pSV2gpt7l-2.3 was digested as for SV2gpt7l-7.8 with Eco Rl. The 
resultant fragment was dephosphorylated using caif intestinal alkaline phosphatase as described by 
Manlatis, The fragment was purified from an 0.8 percent agarose gel by electroelution. This linearized 
plasmid was designated pSV2gpt7l-2.3/R. 

Approximately 300 ng of the linearized plasmid pSV2gpt 7^2.3/R was ligated with 188 ng of f49R in a 
volume of 10 Ul with 1 unit of T4 DNA ligase (BRL). Frozen competent £ co// AG-1 cells from Stratagene 
(La Jolla, CA) were transformed with the ligation reaction according to their protocol. The resulting plasmid 
was designated p497l-2.3. Rgure 29 illustrates a plasmid map for p497l-2.3. 

Plasmids pSV2gpt-72, pSV2gpt-73 and pSV2gpt-74 were separately digested with Eco Rl to produce 
the linear plasmid vectors pSV2gpt-72/R, pSV2gpt-73/R and pSV2gpt-74m respectively. Each of these 3 
linear plasmid vectors were separately ligated with f49R. Plasmid maps of the resulting plasmids are shown 
in Figure 30. p49-72; Rgure 31. p49-73; and Rgure 32, p49-74. 



CC83 

Chimeric constructs containing the heavy chain variable region of CC83 were generated in a similar 
manner as the chimeric constnjcts of OCXS. A fragment containing the heavy chain variable region exons 
coding for the CC83 heavy chain region was prepared by digesting 19 ug of pHS83 with 50 units of Eco Rl 
(obtained from BRL) at 37* C for 2 hours. The digest was fractionated on a 4 percent poiyacrylamide gel 
and the 2.9 kb Eco Rl fragment containing the heavy chain variable region exons of CC83 were recovered 
by electroelution as described in Maniatis, This fragment was designated f83R. 

Approximately 300 ng of the linearized plasmid pSV2gpt7l-7.8/R. obtained as above, was ligated with 
270 ng of f83R in a volume of 10 ul with 1 unit of T4 DNA ligase (obtained from BRL). Frozen competent £ 
coll AG-1 cells, obtained from .Stratagene. were transfonned with the ligation reaction according to 
Stratagene's protocol. The resulting plasmid was designated p837l-7.8. Rgure 33 illustrates the plasmid 
map of P837I-7.8. 

Approximately 90 ng of linearized plasmid pSV2gpt 7I-2.3/R. obtained as above, was ligated with 270 
ng of f83R in a volume of 10 ul with 1 unit of T4 DNA ligase (BRL). Frozen competent £ co// AQ-1 cells 
from Stratagene were transfomned with the ligation reaction according to their protocol. The resulting 
plasmid was designated p837l-2.3. Rgure 34 illustrates the plasmid map of p837l-2.3. 

Plasmids pSV2gpt-72. pSV2gpt-73 and pSV2gpt-74 were separately digested as above for pSV2gpt- 
72/R, pSV2gpt-73/R and pSV2gpt-74/R. respectively, with Eco Rl to produce the linear plasmid vectors 
pSV2gpt-72/R, pSV2gpt-73/R and pSV2gpt-74/R respectively. Each of these 3 linear plasmid vectors were 
separately ligated with f83R. Plasmid maps for the resulting plasmids are shown in Rgure 35, p83-72; 
Rgure 36, p83-73; and Rgure 37, p83-74. 

All ten of the circular plasmid constructs (p497l-7.8: p497l-2.3; p837l-7.8: p837l-2.3. p49-72: p83-72; 
p49-73; p83-73; p49-74; and p83-74) were then linearized for transfonmation by digesting with the restriction 
enzyme Nde I. The Ncle I site in the plasmids is in a region that Is not essential for the expression of the 
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chimeric immunoglobulin gene or the selectable marker gene, gpt. The plasmlds need to be in a linear form 
prior to transformation Into a recipient cell to enhance selected integration of the DNA into the host cell 
genomic DNA. 

5 

Verification of Construction 

Since the EcoRI fragments can be ligated In either orientation, the correct orientation was determined 
by digestion with Nco I. In the constructions set fortii above, connect ligations for plasmid construction are 
10 confimned by performing restriction enzyme site mapping on the plasmid. The restriction enzyme map 
generated from restriction enzyme digestion and gel electrophoresis is compared to that which can be 
theoretically generated from the individual starting fragments. Because of the experience with the transcrip- 
tional orientation in the light chain vectors, the heavy chain vectors were constructed only in the opposite 
transcriptional orientation to the gpt gene. 



Transformation of Plasmlds into Mouse Plasmacytoma Cells 

When both light chain and heavy chain chimeric genes were transfonfned Into the same cell, tetrameric 
20 {H2L7) immunoglobulins are obtained. Synthesis and secretion of these "chimeric" antibody proteins was 
accomplished by introducing the chimeric (mouse Vihuman 0 region) genes into mouse plasmacytoma 
cells(Sp2/). Transformation was achieved by electiroporation [Sahagan. B.C. et al., J. Immunology 137, 1066 
(1986)1. 

Expression of chimeric (mouse V:human C region) genes in transformed mouse plasmacytoma cells 
25 (Sp2/0) is achieved using two different techniques. In one mode, different ratios of light chain genes to 
heavy chain genes can be introduced together. This Is refenred to as cotransformation. Alternatively, stable 
clones canrying the chimeric light chain gene can be obtained and subsequently used in a second mode 
referred to as targeted transformation . In each method, the goal is to obtain clones containing genes for 
botti the H chain and L chain which produce Intact H2L2 immunoglobulin mentioned above. 

30 

A. Cotransformations 

Co-transformation involves the transfonmation of cells with both drug resistance markers at the same 
35 time and subsequent selection with one or both drugs. Co-transformation of heavy chain and light chain 
vectors (at ratios of 1:1 and 1:10, respectively) was originally perfonned using only neo selection. Neo- 
resistant cell lines were obtained which expressed the first chimeric IgGI antibodies with demonstrable 
TAG72 binding activity. Cotransformation was conducted pursuant to the protocols set forth in Cornelia 
Gorman. "High Efficiency Gene Transfer Into Mammalian Ceils", DNA Cloning . Vol II. D. M. Glover ed, IRL 
40 Press, Oxford, England (1985). 



B. Targeted Transformations 

45 Constructs containing light and heavy chimeric immunoglobulin genes were sequentially transformed 
using into Sp2/0 mouse plasmacytoma ceils. Targeted transfomnation involves transfonmation and selection 
with a vector containing a first drug-resistance gene (i.e., Geneticin for the chimeric light chain gene vector), 
followed by transformation and selection with a vector containing a second drug resistance gene (i.e., 
mycophenolic acid for the chimeric heavy chain gene vector). 

50 

Neo Selection 

Prior to tiransformation witii pSV2-neo vectors which contain chimeric light chain constructions, drug 
55 selection conditions for inhibition of growtti of untransformed Sp2/0 plasmacytoma cells [obtained from the 
American Type Cultijre Collection (ATCC)] were established by titration of tiie neomycin-iike drug. 
Geneticin (GIBCO). Published values for concentrations of Geneticin used for drug selection ranged from 
100-1000 ug/mL Concentrations above 400 ug/mL were found to prevent growtti of Sp2/0 cells in our 
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tissue culture environment. 



Construction of UghX Chain Containing Cells 

5 

Sp2/0 mouse plasmacytoma cells were initially transfonmed with light chain-containing pSV2-neo 
vectors as follows. Ceils were grown in RPMI 1640 medium with 5 percent fetal calf serum. Cells were 
washed in PBS and suspended to a concentration of 1 x 10^ viable cells/mL PBS. 0.8 mL of cells were 
transfenred to an electroporation curvette (on ice) containing 20 ng of light chain-containing pSV2-neo 
70 vector (pRL105 and pRL 150 for the CC49 chimeric L chain and pRl^03 and pRL230 for the CC83 chimeric 
L chain) linearized with Aat II restriction endonuclease. Aat 11 was inactivated by heating the samples to 
65 • C for 10 minutes. The linearized DNA was ethanol precipitated and subsequently dissolved in 10-20 
microliters of PBS. After 15 minutes on ice, electroporation was performed using a Gene Pulser elec- 
troporation apparatus with added capacitance extender (BioRad) at 0.2 kvolts and 960 ixF. The time 
75 constant (r)was generally about 26 msec. 

After transfomiation. cells were allowed to recover on ice for 15 minutes to allow relaxation of perturbed 
membranes. Aftenwards. the cells were suspended in 24 mL of RPM1 1640 medium containing 5% fetal calf 
serum (RPMI+) and transferred to a 96 or 24 well plate. To decrease the probability of more than one drug 
resistant cell per well, the cells were also diluted 10-fold in medium (RPMI + ) and plated into another 96- 
20 well (or 24 well) plate. The cell suspension was incubated at 37* C and 5 percent CO2 atmosphere. 

After 48 hours (to allow for expression of dmg resistance), the medium was removed and replaced with 
medium containing 1 mg/mL Qeneticin. 

After 7-10 days, Geneticin-resistant clones were subcuKured and the cells screened for chimeric light 
chains by cytostaining. 

25 

Cytostaining 

Aliquots of cells were pelleted onto a glass slide using a cytospin-2 centrifuge (Shandon, Inc.). After air 
30 drying, the cells were fixed in acetic acid/ethanol (5 parts acetic acid/95 parts ethanol). After rinsing 3 times 
with PBS (without CA*^ and Mg*^), the siides were placed in a humid chamber (100% RH), and stained for 
20 minutes with 20 ul of goat anti-human Kappa-FITC, a fluorescent dye-conjugated antibody which Is 
specific for human kappa light chains. The conjugated antibody was diluted 1:3 with 1% BSA in PBS. After 
washing overnight with PBS, the slides were mounted with fluoromount-G, histologic mounting medium 
36 (obtained from Southern Biotech) under a coverslip. The slides were observed with an Olympus model BH- 
2 microscope equipped with an epi-illumination U.V. attachment. 

Based on the intensity of fluorescence, the constructions with the orientation of the light chain In 
opposite transcriptional orientation relative to the direction of transcription of the neo' gene in the vector, 
was found to give the highest L chain expression. Therefore, pRLIOS was the preferred CC49 L chain 
40 construction and pRl-230 was the favored CC83 L chain construction. As a result of these experiments the 
following chimeric light chain-containing cell lines (derived from Sp2/0) were used for the targeted 
transformations: 

For the CC49 chimeric L chain one cell line (49K-13-13) was obtained which expressed the chimeric 
light chain derived from CC49. This cell line was used for all subsequent targeted transformations with 

45 chimeric heavy chain vectors for constructs using the chimeric CC49 light chain. 

For the CC83 chimeric L chain three cell lines (83K-26-5. 33K-34-10, and 83K-42-2) were obtained 
which expressed the chimeric light chain derived from CC83. One cell line (83K-26-5) stained more 
intensely than the others and had localized regions of cytoplasmic immunofluorescence. All three cell lines 
were compared for their relative ability to produce high levels of chimeric antibody after transformation with 

50 the chimeric CC83 g1 heavy chain vector. More clones expressing chimeric antibodies were derived from 
electroporation of the 83K-34-10 target than either of the other two chimeric light chain target cell lines. 
Therefore, the 83K-34-10 light chain cell line was used as a target for subsequent electroporatlons with 
chimeric heavy chain vectors for constructs containing the CC83 light chain variable region. 

55 

Generation of gpt Resistant clones canrying CC49 and 0083 chimeric H chain constructions 

Prior to transformation wKh PSV2-gpt vectors, which contain chimeric heavy chain constructions, drug 
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selection for Inhibition of growth of untransfomned Sp2/0 plasmacytoma cells [obtained from the American 
Type Culture Collection (ATCC)} were established. Conditions for dmg selection of cells transformed with 
pSV2-gpt vectors were more difficult to establish. The E, coll gpt gene, which codes for the enzyme 
guanosine phosphoribosyl transferase, confers the ability to utilize xanthine and hypoxanthlne as substrates 
5 for the biosynthesis of guanine when the mammalian guanine metabolic pathway is inhibited by 
mycophenolic acid (MPA). 

Published values for the concentrations of MPA which allow for the growth of other lymphoid cell lines 
transformed with pSV2-gpt vectors were found to be almost two orders of magnitude too high to allow for 
the growth of Sp2/0 cells transformed with pSV2-gpt vectors in our tissue culture environment Subse- 
70 quentiy, a concentration of O.lug/mL of MPA was found to be optimal for selection of gpt resistance. In 
addition, the use of aminopterin and thymidine (to further shut down the guanine pathway) was found to be 
unnecessary. 



75 Generation of Clones Producing of Chimeric 44 Antibody 



CH44-I 

20 4gK-l3-13 cells were used as a target for chimeric heavy chain constructs. The cells were transfonmed 
with 20 ug chimeric heavy chain DNA vector (p497l-7.8 or p497l-2.3) linearized by Nde I digestion. 
Transformation by electroporatton was performed as above for chimeric light chains. 

Selection after 48 hours, however, was performed by replacing the genetlcin-containing medium with 
medium containing geneticin and 0.3 ug/mL mycophenolic acid, 250 ug/mL xanthine, and 10 ug/mL 

25 hypoxanthine. 

Transfonmed cells grew to macroscopically visible colonies in 14 days. At that time, 50ul of supernatant 
was removed and assayed by ELISA methods for binding to TAG and expression of human IgQ constant 
region. Wells containing cells with positive TAG binding were expanded to 24-weil plates with fresh drug 
selection medium and allowed to grow for 3-7 days. 

30 Subcloning was perfonmed as follows. Viable cell counts were determined and the cells were repiated 
into two 96-well plates. One plate received 50 viable cells and the other received 250 viable cells. The 
unsubcloned cells were expanded to 6-well plates until the cell density was sufficient to allow for storage In 
liquid nitrogen in the event that re-subcioning would be necessary. 

After subcloning, those clones exhibiting the highest chimeric antibody production were selected for 

35 chimeric antibody production in bioreactors. 



CH44-2 

40 The Procedures used to sequentially transform the Sp2/0 plasmacytoma ceils in the construction of 
0H44-1 were repeated witii the exception that 20 ug of p49-72.was used as the chimeric heavy chain 
vector. 



45 CH44-3 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated witii the exception that 20 ug of p49-73, was used as the heavy chain vector. 

50 

CH44-4 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in tiie construction of 
CH44-1 were repeated with the exception that 20 ug of p49-74, was used as the heavy chain vector. 

55 

Generation of Clones Producing of Chimeric 88 Antibody 
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CH88-1 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the following exceptions: 

83K-26-5, 83K-34-10» and 83K-42-2 cells demonstrating production of chimeric CC83 light chain were 
transformed as described in the transformation of CH44-1, with ttie exception ttiat 20 ug of p837l-7.8 or 
P837I-2.3, tiie pSV2gpt vector which contains tiie chimeric CC83 heavy chain gene was used as ttie heavy 
chain vector. 



10 

CH88-2 

The procedures used to sequentially transfonm the Sp2/0 plasmacytoma cells in the construction of 
CH88-1 were repeated witii the exception ttiat 20 ug of p83-72, was used as tiie heavy chain vector. 

IS 

CH8S-3 

The procedures used to sequentially transfonm the Sp2/0 plasmacytoma cells in \he construction of 
20 CH88-1 were repeated witii the exception ttiat 20 pg of p83-73, was used as the heavy chain vector. 



CH88-4 



25 The procedures used to sequentially transfomi the Sp2/0 plasmacytoma cells in the construction of 
CH88-1 were repeated with the exception tiiat 20 ug of p83-74. was used as tiie heavy chain vector. 



Generation of Clones Producing of Chimeric 84 Antibody 

30 

Because of the high degree of sequence similarity between ttie heavy chain variable regions of CC49 
and CC83. chimeric antibodies were generated whose light and heavy chains were derived from different 
parents by mixed targeted transformations. To generate botii "mixed" combinations, the chimeric heavy 
chain 7I isotype vectors of CC49 and CC83 were electroporated Into the chimeric light chain targets 
35 83K34-10 and 49K-13-13 respectively. The resulting cell lines were designated CH48-1 and CH84-1. where 
the first numerical designation represents tiie heavy chain and light chain parents, respectively. For 
example, CH48-1 represents the 7I isotype with the heavy chain derived from CC49 and the light chain 
derived from CC83. 

The CH48-1 composite antibody did not bind to TAG72- This was not due to the inability to make bona 
40 fide chimeric antibody. Since most drug-resistant cell lines produced chimeric IgG (as determined by ELISA 
analysis using Goal Anti-Human Ig trap witii Goat Anti-Human IgG-Alkaline Phosphatase as a probe). If any 
binding affinity were present, it was significantly less ttian tiiat obsen/ed for the first generation antibody 
B72.3. which was approximately an order of magnitude less affinity for TAG72 than either CC49 or CC83. 
Surprisingly, CH84-1 bound to TAG72 with affinity similar to botii parents. This new antibody was 
45 generated de novo in our laboratory and has not yet been detected In nature. 

Competition studies were undertaken to detennlne tine specificity of tills new mixed-antibody. CH84-1. It 
should be noted tiiat botii CC49 and CC83 exhibit some competitive recognition for tiie TAG72 antigen. It 
was found tiiat CH84-1 competed more witii CC49 for binding to TAG72 tiian it did with CC83. This would 
indicate that the specificity for binding to TAG72 lies In ttie light chain* 
50 Human 72. -3, and -4 isotypes were also generated witti tills mixed-antibody, producing CH84-2, CH84- 
3, CH84-4 clones. 



CH84-1 

55 

The procedure used to sequentially transform tiie Sp2/0 plasmacytoma cells in tiie construction of 
CH44-1 were repeated with the following exception: 

49K-13-13 cells demonstrating production of CH44 light chain by cytostaining were then transformed as 
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described in the transformed of CH44-1, with the exception that 20 ug of p837l-2.3, the pSV2gpt vector 
which contains the CH83 heavy chain gene was substituted for p49y1-2.3. the pSV2gpt vector which 
contains the CH44 heavy chain gene. 

5 

CH84-2 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH84-1 were repeated with the exception that 20 ug of p83-72, was substituted for p837l-2.3. 

10 

CH84-3 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells In the construction of 
IS CH84-1 were repeated with the exception that 20 ug of p83-73. was substituted for p837l*2.3. 



CH84-4 

20 The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH84-1 were repeated with the exception that 20 ug of p83-74, was substituted for p837l-2.3. 



Purification of Recombinant Antibodies 

25 

Cells expressing the chimeric antibodies were removed by centrlfugatlon from the culture medium and 
the medium was filtered through a 0.2um filter. Chimeric antibodies were purified in two steps from culture 
supernatants. In the first step of the purification, a protein A affinity cartridge (Nygene Corporation Yonkers, 
NY) was utilized according to the manufacturer's specifications. Up to 1.0 L of culture supernatant was 

30 passed through a 1 mg capacity cartridge, at 5 mUmin. The cartridge was washed with phosphate buffered 
saline (PBS) to remove traces of albumin. The chimeric antibody was recovered by elution with 0.1 M 
sodium nitrate buffer, pH 3.0. The pH of the fractions containing the chimeric antibody were immediately 
adjusted to neutrality with a 1M solution of Trizma base. Final purification was achieved from this solution, 
after concentration on an Amicon centricon 30 unit, by gel filtration using a Pharmacia Superose 12 HR 

35 16/50 column as specified by the manufacturer (Pharmacia. PIscataway, NJ). 



EXAMPLE: Generation of an Immunoglobulin Containing the Murine VhcTAG germllne Variable Region 

40 The following examples are set forth to provide a skilled artisan with a reproducible technique for 
preparing an antibody having a Vh region encoded by a ONA sequence derived from VhoTAQ. 



Components for an Expressible VhcTAQ Heavy Chain Gene 

4$ 

A mouse-human chimeric antibody molecule can be generated which contains the murine VhcxTAG 
germline heavy chain variable region, a light chain variable region that is complementary to the VhoTAG Vh. 
such as either the CC49 or CC83 murine light chain variable region, and human constant regions. 

The 2.2 kb Hindlll germline DNA fragment containing the VhqTAG Vh exon sequence is used as a 

50 template to obtain a functionally rearranged VroTAG variable region. The murine genomic J-Cu Intron 
region is used as a source for the murine heavy chain enhancer sequences. This latter region is obtained 
from the plasmid pNP9 (see example above on "Isolation of CC49 Heavy Chain Variable Region"). Rgure 
38 shows the overall reaction for the engineering of hybrid genes based on the method of Horton et al., 
(1989), supra. Four oligonucleotides (oligos) are designed to be used in enzymatic amplification and 

55 modification of the target DNA. Oligo 1 anneals to the 5 end of VhoTAG spanning the fcoRI site which is 
249 bp 5' to the ATG initiation codon. Oligo 2 anneals to sequences complementary to the 3' end of the 
VhoTAG exon and also contains sequences coding for a D segment The D segment sequences in oligo 2 
do not anneal with any VhoTAG sequences. Oligo 3 contains sequences complementary to the s' end of 
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the murine genomic J-Cu region and Incorporates sequences encoding the D segment (same as In oligo 2) 
and the J segment Oligo 4 anneals to the 3' end of the J-Cu region and contains sequences complemen- 
tary to the fcoRI site located 1219 bp 3 to Jh4. The sequence of these ollgos follow: 
Oligo 1 s'QTCTAGAATTCiArAAAAACTTTATG (25 mer) 

5 Oligo 2 CAGTQTATTTGTGTAAAAGATGTACTATGGTTAC6 (35 mer) 

Oligo 3 5TCTACTATGGTTACG TGGGGTGAAGGAA- 

CCTGAGTCACCGTCTCCTCAG GTAAGAATGGCCTGTCCAOQTCT 3 iJZ mer) 
Oligo 4 5 AGTTCTAAAATGTATTTAGAArTCATTTTC 3' 

In this example, the D sequence is SP2.3 taken from the published sequence of Kurosawa and 

10 Tonegawa J, Exp.Med., 155:201 (1982). The D sequence is shown in bold face type In ollgos 2 and 3. Any 
other characterized murine or human D segment can be used by substituting their sequence in these 
positions of oligo 2 and 3. 

The J segment in oligo 3 is underlined. It is the murine Jh4 taken from the published sequence of 
Gough and Bernard Proc. Natl. Acad. ScL (USA), 78:509 (1981). The inclusion of any other murine of 

IS human J segment can be made by substituting their sequences for the sequence of Jh4 in oligo 3. 
In oligo 1 and 4 the £coRI sites {GAATTQ are shown in italics. 



Assembly of Intact Vh«TAG Genes 

20 

Two separate DNA amplification reactions are performed using the components described above. DNA 
amplification reaction #1 copies the VhoTAG sequence and adds a D segment to Its 3 end. DNA 
amplification reaction #2 copies the murine intron sequences containing the heavy chain enhancer 
sequences and adds the D and J segments encoded within oligo 3. The amplified products from reaction 1 

25 and 2 are gel purified, combined and ollgos 1 and 4 are added to initiate reaction #3. In reaction 3, the 
products of reactions 1 and 2 annea! across their common D sequences. Subsequent DNA amplification 
from oligos 1 and 4 yields the product shown at the bottom of Rgure 38. This fragment Is digested with 
fcoRI and gel purified. The modified VhsTAQ fragment Is llgated Into the EcoRI site of pSV2gpt7l(2.3) as 
described in the above example "Heavy Chain Chimeric Constructs". The entire VHaTAG-D-J-enhancer 

30 containing fragment is sequenced completely to ensure that no mutations have been introduced during the 
DNA amplification reactions. The other three heavy chain y isotypes can be generated by iigating the same 
modified VhsTAG fragment into the other three 7 containing pSV2gpt vectors (pSV2gpt-72; pSV2gpt-73: 
pSV2gpt-74). 

35 

Expression of the Modified VhoTAG Gene 

The modified VhoTAG gene containing plasmlds can be linearized with Mofel and introduced via 
electroporation Into the chimeric CC49 or CC83 light chain expressing cell lines (see example above, "C. 

40 Targeted Transformations**. The transformed cells are selected for growth in the presence of Geneticin and 
mycophenolic acid as outiined above In "C. Targeted Transfonmations". The presence of expressed 
antibody is monitored by TAG72 ELISA (see section in RESULTS. Enzyme-Linked Immunoassays (ELISA). 
The expressed antibody from ttiese cells will contain human Ig 7I.X constant regions with the CC49 or 
CC83 light chain variable region and a heavy chain variable region from the modified VhoTAG germllne Vh 

45 exons. 

Four examples of modified VhoTAG heavy chain variable region constructs having a variety of D and J 
segments are shown below; 



50 


Vh Segment 


D Segment 


J 

Segment 




VnaTAG #1 


mouse D (SP2.3) 


mouse J 




V„aTAG #ii 


human D (D1) 


mouse J 




VhoTAG #iii 


mouse D (SP2.3) 


human J 


55 


VHaTAQ#iv 


human D(D1) 


human J 



The sequence of the human D sequence 01 is obtained from Siebenlist et al.. Nature, 294:631 (1981). The 
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sequence of the human JhI obtained fronr^ Ravetch et al., Cel! 27, 583 (1981). 

The generation of VhbTAG #i is described with the above diagramed oligos 1 through 4. To generate 
VnaTAQ #ii through -iv the conresponding D and J segments need to be changed in oligos 2 and 3. The 
following oligos delineate these changes. Substitution of these oligos in reaction #1 and reaction #2 will 
5 result in the generation of the VhoTAG #ii through -Iv. 



VHttTAG #ii 

10 Oligo 2 5 CAQTGTATTTCTGTAAAAGAGTACTQQTGGTGTAT (34 mer) 

Oligo 3 5' GTACTGGTGGTGTA TTGGGGTCAAGGAACC- 

TCAGTCACCGTCTCCTGAGGTAAGAATGGCCTCTCCAGGTCT 3' (72 mer) 



VwaTAG #ill 

15 

Oligo 2 5 CAGTGTATTTCTGTAAAAGATCTACTATGGTTAGG (35 mer) 

Oligo 3 5' TCTACTATGGTTAC GTGGGGCCAGGGCACC> 

CTGGTCACCGTCTCCTCAGGTAAGAATGGCCTGTCGAGGTCT 3' (72 mer) 



20 VhoTAG #iv 

Oligo 2 5 CAGTGTATTTGTQTAAAAGAGTACTGGTGGTGTAT (35 mer) 

Oligo 3 5 GTACTQGTGGTGTAT TGGGGCGAGGGGACC- 

GTQGTCACCGTCTCCTCAG GTAAGAATGGCCTCTCCAGGTCT 3' (72 mer) 

25 

Results 



30 A. Chimeric Antibody Producing Gell Lines 



Simultaneous detection of heavy and light chains was accomplished using two probe antibodies: 

1) Goat anti-human Icappa labeled with the fluorescing dye FITC and; 

2) Goat anti-human IgG labeled with the fluoresdng dye TRITC. 

35 Cell lines having positive responses for both heavy and light chains were tested further for associated 
chimeric immunoglobulin production and biological activity viz. binding to TAG72. 



Enzyme-Linked immunoassays (EUSA) 

40 

In order to select a transformed cell producing a chimeric monoclonal antibody, the ELISA technique 
was employed. Clones containing the heavy chain and light chain drug selection constructs were selected 
by their growth in selective culture medium. The following cell lines were tested (1) CH44-1: a cell line 
having CC49 Vh. CC49 Vl, and constant region of IgGi ; (2) CH44-2: a cell line having CC49 Vh, CC49 V|., 

45 and constant region of IgGa; (3) CH44-4: a cell line having CC49 Vh. CC49 Vl. and constant region of igQ4; 
(4) CH8&-1: a cell line having Vh, CC83 Vl. and constant region of IgGt; (5) CH88-2: a cell line having CC83 
Vh, CC83 Vl, and constant region of IgGa: (6) CH88-3: a cell line having CCQ3 Vh, CC83 Vl, and constant 
region of IgGa; (7) CH88-4: a cell line having CC83 Vh, CC83 Vl. and constant region of lgG4..' (8) CH84-1: a 
cell line having CC83 Vh, CC49 Vl. and constant region of IgGi; (9) CH84-2: a cell line having CC83 Vh,* 

60 CC49 Vl, and constant region of IgG2: (10) CH84-3: a cell line having CC83 Vh, CC49 Vl, and constant 
region of IgGa; and (II) CH84-4: a cell line having CC83 Vh, GC49 Vl, and constant region of IgG*. 

Supematants of these cultures were subjected to ELISA. The presence of chimeric anti-TAG72 antibody 
was measured directly by reaction of an excess of goat anti-human IgG antibody labeled with an enzyme 
such as alkaline phosphatase, after allowing the chimeric anti-TAG72 antibody to bind to microtiter wells 

65 coated with antigen {TAG72). Anti-TAQ72 activity was determined as a criterion for successful recom- 
bination. 

After growth for 14 days, 50 ul of supernatant was removed from the wells of the subcloned cells and 
re-assayed for TAG binding by ELISA. Samples of supematants (50 ut) from drug resistant cell lines were 
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applied to wells of Nunc Immulon 96-well plates which had previously been coated with TAG antigen (1^0 
dilution). After washing to remove unbound material, the wells were Incubated with Goat Anti-Human IgG 
antibodies conjugated with Alkaline Phosphatase (GAHIgG-AP) as a probe to detect the human constant 
regions of the chimeric antibodies which had bound to the TAG antigen, immobilized on the plate. Another 
5 washing to remove unbound probe (GAHIgG-AP), followed by addition of a chromogenic alkaline 
phosphatase substrate, allowed color to develop in those wells which possessed TAG binding associated 
with human constant regions (i.e.» chimeric anti-TAG72 antibodies). Absorbance readings at 4d5 nm Indicate 
the relative amount of chimeric antibody produced by the dnjg-resistant cell lines. 

10 

CH44-1 

Anti-TAG72 activity was used as a criterion for successful recombination. Wells of microtiter plates were 
coated with TAG by Incubating 50 ul of a 1:75 dilution of purified TAG72 [Muraro, R., et al., Cancer 

IS Research 4d. 4588-4596 (1988)] for 18 hours at room temperature. The wells were then washed 4 times 
with phosphate buffered saline (PBS), and then blocked with BSA, by incubating 50 ul of 0.5 percent BSA 
in PBS for 2 hours at 37* C, followed by washing 4 times with PBS. These, plates are stable if kept moist at 
4* C. 50 microliters of sample are then applied to each well. A blank containing fresh medium is used as a 
control. All of the samples were incubated either in the plate for 90 minutes at 37* 0 or overnight at 4* G In 

20 a closed container. 

The plates were then washed 4 times with PBS. and goat anti-human IgG-alkaline phosphate (Southern 
Biotech Assoc.) was applied to each well by adding 50 ii\ of a 1:250 dilution. The solution was incubated at 
37 *C for 90 minutes. Color development was monitored after washing the plates 4 times with PBS to 
remove the probe. 

25 The substrate was incubated in 200 ul solution of substrate p-nltrophenyl phosphate (Kiricegaard & 
Perry) in ethanolamine buffered saline for 6 minutes at room temperature for color development. The optical 
density at 450 nm of each well was read by a Dynatech microplate reader (Dynatech Inc.). 

The Sp2/0 colonies in wells with supematants having TAG72-blnding chimeric antibody activity were 
subcloned by limited dilution. Individual subclones were chosen on the basis of relatively high production of 

30 chimeric antibody. 



GH44-2 

35 The TAG-ELISA procedure used with GH44-1 was repeated with the exception that the antibody was 
CH44-2. 



CH44-3 

40 

The TAG-EUSA procedure used with CH44*1 was repeated with the exception that the antibody was 
CH44-3. 



45 0H44-4 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH44-4. 

50 

CH88>1 

The TAG-ELISA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH88-1. 

55 

CH8d-2 



45 
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The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH88-2. 



6 CH88-3 

The TAG-EUSA Procedure used with CH44-1 was repeated with the exception that the antibody was 
CH88-3. 



CH88-4 

The TAG-EUSA Procedure used with Cli44-1 was repeated with the exception that the antibody was 
CH88-4. 

75 

CH84>1 

The TAG-ELISA procedure used with CH44^1 was repeated with the exception that the antibody was 
20 CH84-1. 



CH84-2 

25 The TAG-ELISA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH84-2. 



CH84-3 

30 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH84-3. 



35 CHe4^ 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH84-4. 

40 

CH48-1 

The TAG-EUSA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH84-4. 

46 

B. In vivo Carcinoma Targeting 

The chimeric monoclonal antibodies used in animal studies and shown In Tables 1-4 below were 
50 labeled with Na^^l using lodogen (Pierce Chemical, Rockford, IL). More specifically, from about 0.5-2 mg of 
purified chimeric monoclonal antibodies were adjusted to about 0.5 mL 0.1 M sodium phosphate buffer (pH 
72) and then added to a 12 cm x 75 cm glass tube coated with 50 ug of lodogen followed by addition of 
from 0.1 -0.5 mci of Na^^l (New England Nuclear. Boston, MA). After a 2 min incubation at room 
temperature, the protein was removed from the Insoluble lodogen, and the unincorporated ^^1 was 
55 separated from the antibody by gel filtration through a 10 mL column SephadexTM G-25 using PBS as the 
buffer. The iodination protocol yielded labeled IgG chimeric antibody with a specific activity of 0.05 to 0.2 
uCi/ug. 

Female athymic mice (nu/nu) on a CD1 t>ackground were obtained from Charles River at approximately 
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4 weeks of age. Nine days later, mice were inoculated subcutaneousty (0.1 mUmouse) with LS174T cells (1 
X 10^ cells/animai). 

Athymic mice bearing carcinomas 70 to 400 mg in weight, approximately 12 to 13 days after inoculation 
of the cells were given injections intravenously of from 0.5 to 2.0 uCi (10-50 ug protein) in PBS of the 
5 chimeric monoclonal antibodies, which had been iodinated as described above. Groups of five mice were 
sacrificed at varying times by exsanguination, the carcinoma and normal tissues were excised and weighed, 
and the cpm were measured in a gamma counter. The cpm/mg of each tissue was then determined and 
compared to that found in the carcinoma. 

The results for CH44-1 are shown in Tables 1-2, and Hgures 39A. 39B, and 39C. The results for CH84- 
70 1 are shown in Tables 3-4. and Rgures 40A and 408. 

Percent Injected Dose Per Gram of ^^^Habeled Antibody 

15 

Table 1 



25 



Tissue 


CH44-1 


0.75 

Hour 


23.5 

Hours 


49.5 

Hours 


122 

Hours 


blood, total 


29.70 


15.84 


8.09 


7.31 


Liver 


8.13 


4.13 


2.19 


1.96 


Spleen 


6.19 


3.39 


2.12 


1.36 


Kidney 


4.35 


2.80 


1.52 


1.33 


tumor 


3.31 


25.95 


28.83 


44.16 


lung 


7.34 


5.39 


2.90 


2.36 


tumor.wt 


0.18 


0.12 


0.09 


0.11 



35 As Shown in Table 1. at approximately 122 hours post-Injection, the percent injected dose to tumor for 
CH44-1 was 44.16 percent. CH44-1 was. therefore, efficient In targeting the human tumor in-situ. This 
demonstrates that the chimeric monoclonal antibodies of the present invention were efficient for In vivo 
carcinoma targeting and thus are useful for in vivo treatment of cancer. 

40 

Percent Injected Dose Per Organ of ^^l-Labeled Antibody 



47 
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Table 2 



10 



20 



Tissue 


CH44-1 


0.75 

Mniir 
nuui 


23.5 

Mm ire 


49.5 

Unt ire 

nours 


122 

Um ire 

nours 


blood, total 


A7 70 








Liver 


1 U.v7/ 






0 


Soleen 


1.09 


0.48 


0 25 


0 22 


Kidney 


1.25 


0.72 


0.42 


0.40 


tumor 


0.57 


3.08 


2.82 


4.55 


lung 


1.20 


0.87 


0.57 


0.37 


Gl tract 


6.64 


4.78 


3.96 


2.83 


carcass 


43.17 


49.68 


35.35 


29.95 


whole body retention 


91.30 


76.34 


53.28 


46.20 



As shown in Table 2, at 122 hours post-Injection, the percent of injected dose tumor for CH44-1 was 
4.55 percent CH84-1 was. therefore efficient In targeting the human tumor in-sltu. This demonstrates that 
25 the chimeric monoclonal antibodies of the present invention were efficient for In vivo carcinoma targeting 
and thus were useful In In vivo treatment of cancer. 



Percent Injected Dose Per Gram of ^^Habeled Antibody 



Tables 



35 



45 



Tissue 


CH84-1 


1 Hour 


23 
IHours 


47* 
Hours 


118-119 
Hours 


blood 


30.68 


15.65 


6.74 


6.49 


Uver 


12.55 


4.26 


2.35 


1.57 


Spleen 


10.93 


3.35 


2.56 


1.70 


Kidney 


5.59 


2.51 


1.53 


1.55 


tumor 


4.06 


20.52 


17.58 


30.27 


lung 


10.77 


4.80 


2.58 


2.24 


tumor.wt. 


0.15 


0.22 


0.20 


0.24 



As shown in Table 3, at approximately 118 hours post-injection, the percent of injected dose to tumor 
for CH84-1 was 30.27 percent. CH84-1 was, therefore, efflcient in targeting the human tumor in-situ. This 
demonstrates that the chimeric monoclonal monoclonal antibodies of the present invention were efficient for 
In vivo carcinoma targeting and thus were useful in In vivo treatment of cancer. 



Percent Injected Dose Per Organ of ^^l-Labeled Antibody 
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Table 4 



TO 



Tissue 


CH84-1 


1 Hour 


23 
Hours 


47 
Hours 


118-119 
Hours 


DlOOUf lOIoi 


AC AO 

45.88 


22.11 


10.08 




uver 


13.64 


5.34 


3.13 


1.94 


Spleen 


1.35 


0.49 


0.32 


0.16 


Kidney 






U.Oo 


U.OO 


luinur 


0.59 


4.33 


3.63 


7.02 


lung 


1.77 


0.89 


0.42 


0.31 


Ql tract 


7.38 


4.92 


3.41 


2.32 


carcass 


44.83 


52.19 


30.32 


24.06 


whole body retention 


93.58 


81.00 


47.14 


45.48 



As shown in Table 4, at approximately 118 post-Injection, the percent of injected dose to tumor for 
CH84-1 was 7.02 percent. CH84-1 was, therefore, efficient in targeting tlie human tumor In-sltu. This 
25 demonstrates that the chimeric monoclonal antibodies of the present invention were efficient for in vivo 
carcinoma targeting and thus were useful in In vivo treatment of cancer. 



Deposit of Cell lines Producing Chimeric Antibodies 

30 

Eleven illustrative cell lines secreting chimeric antibodies, all having a Icappa light chains, made by the 
above examples were deposited at the American Type Culture Collection (ATCC) on October 19, 1988. 
Specifically, the following cell lines have been deposited: (1) CH44-1: a cell line having GC49 Vh, CC49 Vt, 
and constant region of IgGi (ATCC No. HB 9884); (2) CH44-2: a cell line having CC49 Vh. CC49 Vl. and 

35 constant region of lgG2 (ATCC No. HB 9880); (3) CH44-4: a cell line having CC49 Vh, CC49 Vl, and 
constant region of IgCa* (ATCC No. 9877); (4) CH88-1: a cell line having Vh. CC83 Vl, and .constant region 
of IgGi (ATCC No. 9882); (5) CH88-2: a cell line having CC83 Vh, CC83 Vl, and constant region of lgG2 - 
(ATCC No. 9881); (6) CH88-3: a ceil line having CC83 Vh, CC83 Vl, and constant region of IgQa (ATCC No. 
9876); (7) CH88-4: a cell line having CC83 Vh, CC83 Vl, and constant region of IgG* (ATCC No. 9874); (8) 

40 CH84.1: a cell line having CC83 Vh CC49 Vl. and constant region of IgGi (ATCC No. 9883); (9) CH84-2: a 
cell line having CC83 Vh, CC49 V^ and constant region of IgGa (ATCC No. 9879); (10) CH84-3: a cell line 
having CC83 Vh, CC49 Vl, and constant region of IgGs (ATCC No. 9878); and (11) CH84-4: a cell line 
having CC83 Vh, C(M9 Vl, and constant region of IgG* (ATCC No. 9875). 

The present Invention is not to be limited in scope by the cell lines deposited since the deposited 

45 embodiments are intended as a single illustration of one aspect of the invention and all cell lines which are 
functionally equivalent are within the scope of the invention. Indeed, while this invention has been described 
in detail and with reference to specific embodiments thereof, it will be apparent to one sl<illed In the art that 
various changes and modifications could be made therein without departing from the spirit and scope of the 
appended claims. 

50 

Claims 

1. An antibody or antibody fragment comprising: 
56 a variable region having a light chain (Vl) and a heavy chain (Vh), said Vh being encoded by a DNA 
sequence effectively homologous to the VhcTAG germline gene (VhoTAG). 

wherein the variable region binds to TAQ72 at least 25% greater than the variable region of B72.3 binds to 
TAQ72, with the binding affinities of the antibody and B72.3 being measured by the same technique. 



49 



EP 0 365 997 A2 



2. The antibody or antibody fragment of Claim 1 . wherein: 

(A) the Vl is encoded by an animal V gene segment and an animal J gene segment; and 

(B) the Vh is further encoded by an animal D gene segment and an animal J gene segment. 

3. The antibody or antibody fragment according to Claim 2, wherein the light chain J segment is 
5 encoded by a gene selected from murine and human J gene segments. 

4. The antibody or antibody fragment according to Claim 2. wherein the heavy chain D gene segment is 
encoded by a gene selected from murine and human 0 gene segments, and the J gene segment is 
encoded by a gene selected from murine and human J gene segments. 

5. The antibody or antibody fragment of Claim 1, wherein the variable region is derived from the 
10 variable regions of CC46, CC49, CC83 or CC92. 

6. The antibody or antibody fragment of Claim 1, wherein the variable region comprises (1) complemen* 
tarlty diversity regions (CDR) being encoded by a gene derived from the VHaTAQ, and (2) framework 
regions, adjacent to the CDR regions, derived from human genes. 

7. The antibody or antibody fragment of Claim 1, furtiier comprising a constant region having at least a 
76 portion of a human light chain (CO and a human heavy chain (Ch). 

8. The antibody or antibody fragment of Claim 7, wherein the Ch is lgGi-4, IgM, IgA, IgD or IgE. 

9. The antibody or antibody fragment of Claim 7, wherein Cl is Icappa or lambda. 

10. The antibody or antibody fragment of Claim 1, wherein it is produced by a cell line from CH44-1, 
CH44-2. CH44-4, CH88-1. CH88-2, CH88-3, CH88-4. CH84-1, CH84-2. CH84-3 or CH84-4. 

20 1 1 . An antibody or antibody fragment conjugate comprising antibody or antibody fragment of any one of 
Claims 1 through 10 conjugated to an imaging marlcer. 

12. The antibody or antibody fragment conjugate of Claim 11, wherein the imaging marker is ^^^i, i3i|^ 
i23|^ iii|n, 'osRh^ is3sm, "Cu, ^^Ga. ««Ho, ^^^Lu. '«Re. '«BRe or «>"Tc. 

13. A antibody or antibody fragment conjugate comprising the antibody or antibody fragment of any one 
25 of Claims 1 through 10 conjugated to a therapeutic agent 

14. The antibody or antibody fragment conjugate of Claim 13, wherein tiie therapeutic agent is a 
radionuclide, drug or biological response modifier, toxin or another antibody. 

15. The antibody or antibody fragment conjugate of Claim 14, wherein the radionuclide is ^°Y, 

^OSRh. *7Sc, 67CU, 212Bi. 21lAt, ^^Qg^ 125|^ 186Re, 188Re. ^^^l^^ 99mj^^ l53Sm, OV ^^Mn. 

30 16. The antibody or antibody fragment conjugate of Claim 14, wherein the drug or biological response 
modifier is methotrexate, adriamycin or lymphokine. 

17. A DNA sequence encoding at least a portion of an antibody heavy chain, 

said sequence compriising a DNA sequence segment being effectively homologous to tiie VhoTAG gemniine 
gene (VHaTAG), 

35 therein the DNA sequence segment encodes at least a portion of a heavy chain variable region (Vh). 

18. The DNA sequence of Claim 17, wherein tiie sequence further comprises a DNA sequence segment 
animal D genes and a DNA sequence segment of animal J genes. 

19. The DNA sequence of Claim 18, wherein the DNA sequence encoding the Vh is derived from 
sequences encoding the Vh regions of CC46, CC49, CC83. and CC92. 

40 20. The DNA sequence of Claim 18. wherein the sequence encodes for a Vh having (1) at least one 
complementarity diversity region (CDR) encoded by a gene effectively homologous to the VhqTAG, and (2) 
framework regions, adjacent to the CDR regions, encoded by a human gene. 

21. The DNA sequence of Claim 17, further comprising sequence segment encoding for at least a 
portion of a human heavy chain constant region (Ch). 
45 22. The DNA Sequence of Claim 21, wherein tiie sequence segment encodes for at least a portion of a 
Ch gene encoding IgGw, IgM. IgA. IgD or IgE. 
23. A DNA sequence comprising: 

(A) a sequence segment encoding for an antibody or antibody fragment heavy chain, said sequence 
segment having 

50 (1) a sequence subsegment being effectively homologous to the VnaTAG germline gene (VhoTAG). wherein 
the DNA sequence segment encodes at least a portion of a Vh. and 
(2) a sequence subsegment encoding for at least a portion of a Ch; and 

(B) a sequence segment encoding for an antibody or antibody fragment light chain, said sequence segment 
having 

55 (1) a sequence subsegment encoding for at least a portion of an animal light chain variable region (Vl), and 
(2) a sequence subsegment encoding for at least a portion of a human light chain constant region {C0$ 
wherein tfie antibody or antibody fragment encoded by the DNA sequence binds to TAQ72 at least 25% 
greater than the variable region of B72.3 binds to TAG72, with the binding affinities of the antibody and 
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B72.3 being measured by the same technique. 

24. The DNA sequence of Claim 23. wherein the sequence segment encoding for at least a portion of a 
Ch gene encoding lgGi-4, IgM, IgA, IgD or IgE. 

25. The DNA sequence of Claim 23, wherein the sequence segment encoding for at least a portion of a 
5 Cl gene encoding kappa or lambda. 

26. A biologically functional expression vehicle containing the DNA sequence of any one of Claims 17 
through 25. 

27. A cell transformed with the biologically functional expression vehicle of Claim 26. 

28. A cell which comprises the characteristics of a cell of CH44-1, CH44-2. CH44-4. CH88-1, CH88-2, 
10 CH88-3, CH88-4, CH84-1 . CH84-2. CH84-3 or CH84-4. 

29. A composition comprising the antibody or antibody fragment of any one of Claims 1 through 10. in 
a pharmaceutically acceptable, non-toxic, sterile canier. 

30. A composition comprising the antibody or antibody fragment conjugate of any one of Claims 11 
through 12, in a pharmaceutically acceptable, non-toxic, sterile carrier. 

75 31. A composition comprising the antibody or antibody fragment conjugate of any one of Claims 13 
through 16. in a pharmaceutically acceptable, non-toxic, sterile carrier. 

32. A process for preparing an antibody or antibody fragment which comprises contacting a Vh region, 
as defined in Claim 1. witti a Vl region, as defined in Claim 2, to torn a variable region of the antibody or 
antibody fragment. 

20 33. A process for preparing an antibody or antibody fragment conjugate which comprises contacting an 
antibody or antibody fragment, as defined in any one of Claims 1 flirough 10, witii an imaging marker or 
tiierapeutic agent. 

34. A process for preparing a recombinant expression vehicle which comprises inserting a DNA 
sequence, as defined in any one of Claims 17 through 25, into an expression vehicle. 
25 35. A process for preparing a transformed host which comprises inserting the expression vehicle, as 
detined in Claim 26, Into a suitable host. 



51 
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Mouse !g keope germline J-C region, J 1 to J5 

^^?Sir??i!?"^^CCACrGaaG7TCCTCrTCAGTGAG6AGGGTTT7TG7^ 

ACAG I GGAG i ACrACCACTGTGGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAA 

GTAAGTAGAATCCAAAGTCrCTTTCrrCCGTTGTCrATGTCTGTGGCTTCTATGTCTAAA 
AATGATGTATAAAATCTTACTCTGAAACCAGATTCTGGCACTCTCCAAGGCAAAGATAC 

GAGTAACTCCGTAAGCAAAGCTGGGAATAGGCTAGACATGTTCTCTGGAGAATGAATG 

AGTGTAATAATTAACACAAGTGATAGTTTCAGAAATGCrCAAAGAAGCAGGGTAGCCr 
GC 

CCTAGACAAACCmACrCGGTGaCAGACCATGCTCAGTTTTTGTATGGGGGTTGAGTG 

AA6GGACACCA67G76TG7ACACGT7CGGAGGGGGGACCAAGCTGGAAATAAAAC67 
AAG 

7AOTC77CrCAAC7C77G77<:ACTAAG7CTAACC77G77AAG77GTTCrTrG77G7G7G7 

TTT7C77AAGGA6A777CAGGGA7TrAGC:AAA77CCA77C7CAGA7CAG67GTTAAGGAG 

GGAAAAC767CCCACAAGAGG77GGAA7GATr77CAGGC7AAA77T7A66C777C7AAA 

CAAAG7AACTAAACrAGGGGAAGA66GA7AA77G7C7ACCrAGGGA6667777G7G6A 
GG 

7AAAGTTAAAA7AAA7GXC7G7AAA7CACArrCAG7GA7GGGACCAGACr6GAAA7AA 
AA 

CCrAAG7ACATnTrGC7CAAC7GC77676AAG7777GG7CCCA77G7G7CC7T7G7A76 

A6777G7GG7G7ACArrAGA7AAA7GAACTA77CC7TG7AACCCAAAACTrAAA7AGAA 
u 

A6AACCAAAAA7CrAGC7AC7G7ACAAGC7GAGCAAACAGAC7GACC7CA7G7CAGA77 
G7GGGAGAAA7GAGAAAGGAACAG777ncrcrGAAC77AGCC7A7C7AAC7GGA7C6C 
7CAGGCAGG7Tr77G7AAAGGGGGGCGCAG7GA7A7GAA7CAC7G7GA77<:ACG77CGG 
7CGGGGACAAAG77GGAAA7AAAACG7AAG7AGACTTT76aCA777AC77G7GAC677 

7GG77CrG777GGG7AAC77G7G7GAA777G7GACA7777GGC7AAA7GAGCCA77CC7G 

GCAACC7G7GCA7CAA7AGAAGA7CCCCCAGAAAAGAG7CAG7G7GAAAGCrGAGCGA 
AA 

AAC7CG7C77AGGC77C7GA6ACCAG77TrG7AAGGGGAA7G7AGAAGAAAGAGC7GG 
GC 

T777CC7GrGAA777GGCCG\7C7AG77GGAaGGCr7CACAGGCAGG77777G7AGAGA 

GGGGCA7G7CA7AG7CC7CACrG7GGC7CACG77CGG7GCrGGGACCAAGC7GGA6C7G 
A 

AACG7AAG7ACACrrT7CrCA7CTTTTITA7G7G7AAGACACAGGTnTCA7677AGGA 

G77AAAG7CAG77CAGAAAA7C77GAGAAAA7GGAGAGGGCrCA77A7CAG77GAC67 
GG 

CA7ACAG7G7CAGA77r7C7GTrrA7CAAGC7AG7GAGA77AGG6GCAAAAAGA6GCTT 

AG77GAGAGGAAAG7AA77AA7AC7A7GG7CACCA7CCAAGAGA77GGA7CGGAGAA7 
AA 

GCA7GAG7AGTr A77G AG A7C7GGG7aG AC7GCAG * 
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FIG.II 
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Mouse ig germiine J-H genes from pNP9 

CAGGACCAAGATTC i CTGCAAACGGGAATCAAGAnCAACCCCTTrGTCCC^ AA^ 

ACATGGGTCTGGGTCAGGGACTCTCTGCaGCTGGTCTGTGGTGACATTAGAACTGAAG 

ATGATGAAGGATCTGCCAGAACTGAAGCTTGAAGTCTGAGGCAGAATCTTGTCCAGGG 

TATCGGACTCTTGTGAGAA7TAGGGGCTGACAGTTGATGGTGACAATTTCAGGGTCAGT 

ACTGTCAGGTTTCTCTGAGGTGAGGaGGAATATAGGTCACCTTGAAGACTAAAGAGG 

TCCAGGGGCrmCTGCACAGGCAGGGAAC^GAATGTGGAACAATGACTTGAATGGTT 

GACTACTGGGGTCAAGGAACCTCAGTCACC^^^^ 

ATCCTATGGCTGGAGGGATAGTTGGGGCTGTAGTTGGAGATmCAGTT77TAGAA7GA 

STlI^S.9?,^;f^''"'^SP^'^^G'^CCACCrcrGTGACAACCAT^ 
CATAGGGACAAAAAGTGGAGTGGGGCAOTTmAGATTTGTGAGG^^^^^^ 

AGATTGTnAAAACTTCATTTGTTGGAAGGAGCTGTCTTAGTGATTGAGTCAAGGGAGA 

AGGCATCTAGCCTCGGTaCAAAAGGGTAGTTGCTGTCTAGAGAGGTCTGGTGGAGCCT 

CAAAAGTCCAGCTT7CAAAGGAACACAGAAGTATG7GTATGGAA7AT7AGAAGATGT7 
II]7^C]r|TAAGTTG^^ 

TOTTTGTGTAGAACTGACAmaTAAAGmAACCGAGGAATGGGA^^^^ 

£^I^S^.Tf^J'"^'^^'^^^*^A^^^^AACAATAATAAA7TAAG77TAA^ 
GAATTGAGCAATGTTGAGlTGAGTCAAGATGGCCGATCAGAACa^^^^^^ 

CTGGCAGGAAGCAGGTCATGTGGCAAGGCTATrTGGQGAAGGGAAAATAAAACCACT 

TAAACTTGTAGCTGTGGTTTGAAGAAGTGGTTTTGAAACACTCTGTCrAprrrrArrAAA 
CCGAAAGTCCACGCTGAGCAAAACACCACCTGCGTAATTTGCA^^ 

5S^SJAGCCGAAACTGGAGAGGTCCrcrmAACTTATTGAGTrC^^ 
AGOTGAG . AGTTCTAGTTTCCCCAAACTTAAGmATCGACTTCTAAAAT^ 
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Human Heavy Chain Constant Regions 
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